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Oh for a breath of the niooiland, 

A glimpse of the mountain grey, 

For the thyme and the fragranl myrtle, 
That scent the wandeier’s way ! 

Oh for the grey loch sleeping, 

Where the swallows skim and glide, 

For the bracken softly swa}ing, 

On the mountain’s rugged side : 

For the sound of the burn that wimples, 
And sparkles in its fall : 

For the gleam of the purple heather. 
Where the lonely curleus call ! 

Oh for the far moor stretching 
To the blue and distant hills : 

For the grace of the purple twilight, 
When the mi'>t the valley fills ! 

W. CuTHBEiasox. 
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CHAPTER I 

INTRODUCTION 

HATFEE-STUDY. — Most persons must have been struck 
by the great interest taken by the general public in what 
has been termed Nature-study or Nature-knowledge. 
Again and again, definitions have been given to state 
what is meant by Nature-study, and to point out its position 
among the sciences. For nature-study Is not a branch of 
science, but it owes much to science, and uses the scientific 
method in investigating nature. For the object of this 
book it can be defined as “the power of observing correctly 
the structure, mode of life, and functions of plants.” It 
can be used as an introduction to the study of biology, and 
through that science to a correct knowledge of botany. 
Undoubtedly the best place to study nature is in the open 
air, and to see living beings as they exist in a wild state, 
but useful work can be done in the laboratory and lecture- 
room, Much information on nature-study can be obtained 
from books, but, in all cases, this should be tested by work 
in the laboratory and in the field. Many of the terms 
used in botany can be used in describing plants, and 
throughout the following pages they will be introduced 
where needed. In far too many cases, the would-be 
student of nature-study has tried to study it from books 
alone, with the well-known result, of disgust, and the 
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determination to leave it severely alone. The student, to 
be successful, must learn to draw correct deduclions^from 
the objects chosen for study, and, in all cases, an/ dispute 
must be settled by an appeal to the plant. 

THE AIMS OF HATIJEE-STTOY. — One of the aims of 
nature-study is to train the eye to observe, and the mind 
to draw correct conclusions from the material under 
observation. Far too many people go through the world, 
and see nothing in the true sense of the word. It is one of 
the aims of nature-study to remedy this, and to open the 
eyes of those who cannot sec the wonders of nature. It 
also seeks to produce the habit of mind which enables its 
possessor to cultivate a love of the beautiful, and to take 
interest in the field, hedgerow, stream and sea. It seeks 
to develop refinement, and humility. This comes from a 
study of living beings, for the student soon realises that 
only very little is known of the working of nature, and 
that the mind of man is still a long way from solving all 
the great problems which nature presents to the student. 
Another of its aims is to improve the physical development 
of the coming race, by working and walking, as tar as 
possible, in the open air, and to show to all the benefits 
derived from a life spent away from stuffy rooms and with 
nature in the open air. It tries to develop the love of 
nature which is such a valuable aid to happiness.. 

THE YALIJE OF HATIJEE-STTOY.-Thc value of 
nature-study does not consist in the amount of informa- 
tion obtained, as much as in the habit of mind which it 
produces, and in the cultivation of the powers of observa- 
tion. These will be found useful in all walks of life, and 
enable their possessor to command success. In addition 
to the utility of such a study, there is the happiness and 
pleasure which can be obtained from a knowledge of 
nature. The country walk, the ramble along the sea-shore, 



INTRODUCTION 


and the rocks, plants, and animals one meets with on a 
journey all help to make up the sum total of a happy 
and useful life. When the love of the country Is once 
developed in an individual, it never dies, and it enables 
many happy hours to be well spent in a study of Nature 
and her ways. 

OBJECTS TJSEB EOR HATTTEE-STtTBY.-Numerous 
objects exist which can be used for nature-study, and as a 
rule they cost very little. Plants can be obtained in both 
town and country : germinating seeds, seedlings, experi- 
ments in plant physiology, and how plants grow will 
supply materials for numerous lessons. The plants which 
grow in hedgerow, in the fields, by the sea, on the moors 
and mountains all help the student of nature-study to 
obtain a true grip of the wonders of Nature. Nothing is 
too simple or too complex for useful lessons to be drawn 
from them. 

THE RESULTS OE HATUEE-STUUY. -The results 
obtained by a course of nature-study cannot be over- 
stated. For they set the student on the high road to 
investigate and discover some of the wonderful secrets 
which nature will give up to the sympathetic investigator. 
It arouses in the minds of both teachers and students a 
sympathetic spirit, and the desire to know more of the 
wonderful world in which we live. It also enables the 
student to see that knowledge can be obtained by all who 
seek her in the lanes, woods, fields, etc. There are so 
many cases on record of young men and women who have 
been set on the high road to success in life by a proper 
appreciation of the wonders of nature, that all should con- 
sider the desirability of obtaining the power of observing 
and drawing correct conclusions from the various objects 
observed. 

METHODS. — It is proposed to restrict the objects treated 
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of in this book to plants, and to select only very common 
ones for study. Those selected will be easily obta^med, 
and they will be treated from a practical point 6f view. 
Many persons advocate that the heuristic method should 
be adopted in teaching nature-study, but a combined lec- 
ture and practical course will give belter results. The 
lecture should precede the practical work, and the latter is 
generally based on the former. For a number of years the 
above method has been used by the author in his school, 
and large numbers of students have been stimulated to 
proceed with the subject after they have passed through 
the course. The heuristic method may be a success in 
the hands of some teachers, and with students who have 
unlimited time at their disposal, but for the great mass 
of humanity, the above method will give hir better 
results. The student should carefully work through the 
experiments given in the following pages, and try to cul- 
tivate the powers of observation by drawing conclusions 
from the experimental work performed. 



CHAPTER 11 


TJ-IE STRUCTURE OF FLOWERS 

IPLOWEES. — Many a sea cliff, country lane, meadow, 
wood, garden, and home is made bright and beautiful 
by flowers. Their colour, shape, and perfume help to give 
a characteristic appearance and aroma to thousands of 
landscapes. All lovers of nature revel in flowers, and, 
they express the poetry of plant life better than probably j 
any of its varied aspects. They often fill the homes of> 
rich and poor with perfume and colour, and they bring 
within the reach of most people one of the refining in- 
fluences of nature. English literature is full of the delight 
which follows from a knowledge of flowers. The more one 
knows of their structure the more wonderful they appear, 
and the greater the inspiration which can be drawn from 
them. It is proposed to give in this chapter an outline 
of the structure of a few common and easily obtained 
flowers. 

PEACTICAL WOEK. — The advantages of the practical 
method of studying the structure of flowers cannot be 
overestimated, and the student should work through the 
following exercises with the flowers before him so as to 
obtain correct ideas of the structure and arrangement of 
the different parts. As far as possible simple language 
will be used in describing the flowers, but technical terms 
will be introduced wherever necessary. 

l.~PEACTIGAL WOEK TO ASCEETAIK THE 
STEHCTUEE OE THE ELOWEE OE THE STOCK.— 
Obtain the flower of the Stock, and make out the parts 
5 
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described below. If there is any difficulty in obtainifig- 
the flower of the Stock, the flowers of the Wallflower, 
Cabbag"e, Mustard or similar ones can be substituted. 

Calyx . — Note on the outside, and at the base or the 
bottom of the flower, a light green cup, which is known 
as the calyx (Fig. i, Ke). It is made up of four separate 
green floral leaves — the sepals. Two of the sepals are 



Fig. I. — Diagram of complete jl( >wcr. /u*, calyx? A”, corolla ? J\ filament 
of stamen ; a, anther, showing pollen giains in {)osillon and on stigma ? 
the central portion is the pi.siil, and it consists cjf stigma ; style ; 
the swollen portion is the ovary; ovule; E, of>sphcre ; cw, em- 
bryo sac ; A nucelliis ; F, integuments. 

swollen, these are the lateral ones (at the sides) ; one is in 
front, and one behind. The calyx is fixed on to the flower 
stalk, in such a position as to be below all the other parts of 
the flower. Such a calyx is said to be inferior because it 
is fixed below the central part of the flower. 

CoroIIa.^lmido, the calyx a series of separate coloured 
floral leaves will be seen ; these form the corolla. It is 
made up of four separate leaves — the petals^ and each 
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petal alternates with a sepal. The corolla is fixed on 
the'ilower stalk at a slightly higher level than the calyx. 

Stmims, — Remove the calyx and corolla, and find the six 
free stamens. The two outer stamens are short, and the 
four inner ones long. Note at the base of the short 
stamens, the swollen portions of the flower stalk, or recep- 
tacle; these form a pair of nectaries, and the nectar they 
form is stored up in the lateral sepals. From this it follows 
that the short stamens must be lateral, two of the long ones 
being anterior (in front), and two posterior (behind). They 
are fixed to the flower stalk so as to appear to spring 
from beneath the pistil. Each stamen consists of a stalk 
or filament, and this supports a head, or anther (Fig. 
I, /, «). Touch an anther, a fine dust is left on the fingers ; 
this is known pollen, 

P/W.— Remove the stamens, and note in the centre of 
the flower an elongated body — the pistil It stands in such 
a position at the top of the flower stalk that all the other 
parts of the flower are fixed below it, and for this reason 
it is superior. The whole of the pistil is built up of two 
leaves — the carpels. In the pistil there can be distinguished 
three parts : the bottom or swollen part — the ovary ; a 
short constriction— the style^ which is above the ovary ; 
and a stigma, which is divided into two lobes. Open the 
ovary, a series of small bodies will be seen ; these receive 
the name of ovules, and they are protected by the walls of 
the ovary. 

g. — PRACTICAL WORK TO ASCERTAIN THE 
STRUCTURE OE THE FLOWER OF THE SWEET PEA. 
— Obtain a few flowers of the Sweet Pea, and examine 
one, noting the arrangements of the parts described below. 

Flower. — Remove in turn the calyx, corolla, stamens, 
and pistil of one flower, laying them out in order on a 
sheet of paper. When a flower is made up of the number 
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of parts enumerated above, it is said to be complete, rif 
both stamens and pistil exist in a flower it is perfect. 
When any part of the flower is absent, it is said to be 
incomplete^ and if either the stamens or pistil are absent, 
imperfect. Try and divide another flower into two equal 
halves, and note that this can only be done in one plane. 
Such a flower is irregular. If a flower can be divided 
in any plane into two equal divisions it is regular. The 
colour of the flowers may var}^, but they are always sweet- 
scented. 

Calyx. — Note the five sepals which arc united to form a 
green cup, and that this is fixed on the flower stalk at a 
lower level than the other parts of the flower--//{/t7w. 
It is hairy, and shows five lobes. 

Corolla. — There are five coloured petals in the corolla. 
One of these is very large, and receives the name of the 
standard. The two at the sides are known as wings.^ and 
the two which cling together form the keel. The petals 
are fixed on the calyx. 

Stamens. — Find the ten stamens; note that nine are 
joined by their filaments to form a tube, and that one is 
free. Pass a pin into the slit on the side of the free 
stamen. This slit is to allow of the tongue of a bee to enter 
the tube in search of nectar. The stamens, like the petals, 
are fixed on the calyx. Examine the anthers, and note 
how they are fixed to the filaments. 

Fistil. — Remove the united stamens, and the pistil will 
be exposed to view. This is formed of a single carpel, and 
the long green portion at the base is the ovary ; the bent 
portion, the style — which bears at its apex the stigma. 
The pistil is superior. Hold the ovary up to the light, a 
row of ovules will be seen through the w'^alls. Note the 
ring of swollen material at the base of the pistil ; this 
forms a nectary. 
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^ — PEACTICAL WORK TO ASCERTAIl THE 
STRUCTURE OF THE FLOWER OF THE WHITE 
DEADHETTLE. — Obtain a White Deadnettle, and Examine 
its flowers. This plant can be obtained in flower nearly 
all the year, but other kinds of deadnettles can be used in 
place of it. 

Flower , — Remove one flower, and note that it is com- 
plete and perfect. It is irregular, white, and does not 
possess any sweet scent. 

Calyx . — The calyx is made up of four united sepals ; it 
is inferior, green, and hairy. 

Corolla , — The corolla is made up of five united petals, 
and it will slip off all in a piece. The corolla is fixed 
below the pistil. It is 'white and hairy. 

Stamens , — Open the corolla lengthwise, and find the four 
stamens. The stamens are in two pairs, which are of 
different lengths. Note how the stamens are fixed to the 
corolla, and the anthers to the filaments. The filaments 
are white and hairy. 

Pistil , — Examine the interior of the calyx, the pistil will 
be seen inside. Note it is made up of two carpels, each of 
'which consists of two lobes, so that a four-lobed ovary 
is produced. The pistil is superior, the style is long, and 
springs from the base of the ovary, and the stigma is 
divided into two lobes. Ovules will be found inside the 
ovary. 

4.—PRACTICAL WORK TO ASCERTAIN THE STRUC- 
TURE OF THE FLOWER OF THE WHITE LILY.— 
Obtain the flower of the White Lily, Tulip, or similar 
flower, and find the following parts. 

Flower . — -The flower is complete, perfect, regular, white, 
very large and showy. 

Ferianth .^ — If the calyx and corolla are identical in colour, 
and the leaves of similar size and shape, they receive the 
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name of perianth. The perianth is made up of six uni^^d 
leaves, and it is inferior. 

Simiteks , — Slit open the perianth, and find the six stamens 
which are united to the leaves of the perianth. Note how 
the anthers are fixed to the filaments, their shape and 
contents. 

Pistil . — The pistil is superior, and consists of three 
united carpels. The style is long*, and the stigma consists 
of three divisions. Cut across the ovary, and note that 
the ovules are numerous and fixed to the axis or centre 
of the ovary. 

5,— PRACTICAL WORK TO ASCERTAIN THE STRITC- 
TRRE OP THE FLOWER OF THE PRIMROSE.— Obtain a 



Fig. 2. — Diagram of flowers of Primrose. xU slmrt-slylod form ; />*, long- 
styled form ; k, calyx ; c, corolla ; a, anther ; J\ ovary ; style ; 
n, stigma. 

few Primroses, and make out on them the parts described 
below. 

Flower . — The flower is complete and perfect. It can be 
divided into two equal halves in any direction — regular. 
The diameter is about one inch. It is sweet-scented, 
yellow, and very showy. 
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— The calyx consists of five united sepals ; these 
are green and hairy. It is inferior. 

CoroMa . — The corolla consists of five united petals, and 
it can be removed in one piece. 

Stamens . — Slit open the corolla, and find the position of 
the stamens. They may be fixed (i) at the top of the 
corolla tube, or (2) halfway down the tube. Note the 
number of stamens, and how the anthers are fixed to 
the short filaments. Each stamen faces a lobe of the 
corolla. 

Pistil — Remove the corolla, and note the position of the 
pistil. Recognise the ovary, style, and capitate, or knob- 
shaped, stigma. It is superior, and the ovary contains 
ovules. If the stigma reaches the top of the corolla tube 
it is a long-styled flower, and if found halfway up the 
tube a short-styled flower. In the long-styled form the 
stamens will be found at the same level in the tube as the 
short-styled stigma, and in the short-styled one at the same 
level as the stigma of the long-styled flower. 

6.~PEACTICAL WOEK TO ASCEETAIH THE STEXTC- 
THEE OF THE FLOWEE OF THE BHTTEECTJP.--Ob- 
tain a few flowers of the Buttercup, and carefully work 
through them to discover the structure of such a flower. 

Flower . — The flower is complete and perfect, regular, 
about one inch in diameter, and yellow. 

Calyx . — The calyx consists of five free sepals, and they 
are inferior, and green. 

Corolla . — The corolla consists of five free petals, which 
are fixed below the pistil. When any portion of the flower 
is fixed on the flower stalk (other than the calyx) and below 
the pistil, it is said to be hypogynous, or beneath the 
female. Examine the petals, and note at the base of each 
petal and on the side facing the stamens a little swelling — 
a nectary. The flower of the Buttercup possesses five 
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nectaries for the production of nectar; these are on ^?he 
petals. 

Stamins . — Remove the petals, and note the numerous free 
stamens which are fixed, like the petals, beneath the pistil ; 
they are hypog-ynous. Examine the anthers and filaments, 

PA///. — Pull off the stamens, and find the numerous 
carpels in the centre. These can be easily separated. The 
pistil is superior. If the carpels in a flower are not united, 
the pistil is said to be apocarpous, but if they are joined 
syncarpous. The flower of the Stock is syncarpous, but 
that of the Buttercup apocarpous. Open a few carpels, 
and find the ovules. 

THE STETJCTTJEE OF FLOWERS.— We are now in a 
position to understand the structure and arraiig-emcnts 
of the parts present in a flow^er. Each portion of 
the flower is said to be a modified leaf, and it can 
perform certain special work which 
makes it very useful to the plant as 
a whole. The sepals arc floral leaves, 
and they help to protect the other 
parts of the flower when in the bud. 
In a few cases, their colour and shape 
may attract insect visitors to the 
flower. If the calyx is fixed above 
the pistil it is superior, and when 
below, inferior. The sepals may be 
united or they may be free. 

The petals are floral leaves, and as 
a rule they are brightly coloured and 
sweet-scented. They serve to attract 
insect visitors, by their colour, shape 
and perfume. In some cases they may help to protect the 
stamens and pistil from the action of dew and rain, and 
to do this the corolla closes up during rain and at sunset. 



Fig. 3. — Closed head of 
flowers of Dandelion, 
showing involucre of 
bracts. 
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Th% student should note in the field the closing of flowers 
at the approach of night, and how they open soon after 
the sun rises in the morning. 

The stamens also are floral leaves, and the arrangement 
of the filaments and anthers varies in different flowers. 
This is well illustrated by the Buttercup and the Sweet 
Pea. If the student will compare the structure of these 
flowers the difference will be made clear. Anthers perform 
the very important work of producing pollen, for without 
it seeds cannot be produced. The shape, length and 
arrangement of the filaments and anthers have to do with 
the distribution of pollen. 

The pistil, like the other parts of the flower, consists of 
floral leaves which receive the special name of carpels. In 
the Pea, the pistil is composed of one carpel, but in the 
Wallflower of two carpels. Carpels form the whole of the 
pistil, and they run from the base of the ovary to the top 
of the stigma. Thus the three lobes of the stigma of the 
White Lily lead us to believe that the pistil is composed of 
three carpels. There are cases where this rule will not 
hold good, for the capitate stigma of the Primrose gives 
the idea that only one carpel is present, but five carpels 
enter into its composition. From the ovary, ovules are 
produced, and it protects and nourishes them. The pistil 
forms the fruit, and the ovules become the seeds. 

Bracts . — In many plants there will be found, at the base 
of the flowers, a number of small leaves which are knowm 
as brads. They are generally green, but may be coloured 
or membranous as in the Daffodil. The flower head of the 
Dandelion is surrounded with numerous bracts, and these 
form an involucre ; such a structure protects both the 
young and mature flowers from being injured by dew 
and rain. 
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THE FUNCTIONS OF FLOWERS 

TITlCTIOIfS. — In the last chapter we considered the 
structure of some common flowers, and noticed that the 
examples examined were built up of different whorls 
which are known as calyx, corolla, stamens, and pistil. 
We have now to consider the functions of the flower, or 
what the flower can do which renders it useful to the 
plant. The best way to discover what the flower can 
do, will be to proceed by the experimental method to 
investigate the functions of some common flowers. 

7.— PBACTICAL WORK TO ASCEETAIISf THE EUHa- 
TIOHS OF STAMEHS.—(i) Open carefully four young* 
flower buds on a Fuchsia plant, and with a pair of .sharp 
scissors remove the stamens. Now close the buds, and 
tie over each a piece of fine muslin to form a loose bag*. 
(2) Select four more flower buds, and tie over each a piece 
of muslin to form a loose covering*. (3) Mark four flower 
buds with Indian ink, and allow them to open in the usual 
manner. Similar experiments can be performed according 
to the season on flowers such as the Tulip, Lily, etc, Ex- 
amine from day to day the ovaries of the flowers from 
which the stamens have been removed, and compare them 
with those protected by the muslin bags, and with the un- 
protected flowers. The ovaries of the unprotected flowers 
will be found to have swollen, but on those from which 
the stamens have been removed or have been covered 
over from the first with muslin there is no sign of change. 
Why should the ovaries of the unprotected flowers swell, 
14 
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whj^e those which have had the stamens removed or have 
been covered up undergo no change? We will now 
proceecfto discover why. 



Fig. 4, — A, flower of Fncli.sia. />\ flower of Epilolduin (Willow-herb) ; 
s, pedicle; /, inferior ovary; sepals; corolla; stamens 
style ; w, stigma. C, Fruit of Epilobium when liberating seeds ; w, 
outer wall ; sa, secd.s with tufts of hairs. 


S.-PRACTICAL WORK TO ASCERTAIN WHAT THE 
STAMENS CONTAIN.— Remove the pistil of one flower 
of the Fuchsia, and examine the stigma, which is divided 
into four lobes. Place a hand lens near the eye, and move 
the pistil so that the stigma can be clearly seen. There 
will be seen adhering to it numerous small bodies — the 
pollen grains. How did the pollen grains find their way to 
the stigma ? What is pollen ? 
a— PRACTICAL WORK TO ASCERTAIN WHAT IS 
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POIIEB'. — Clear a glass slip, and place near the centre a 
very small drop of water. This can be done with a glass 



Fig. 5. — Transverse section of }oung anther of the IClcler. connective 
which fastens the anther to the filament; /.<•, the four pollen sacs; 
/, the cells from which the pollen giains are developed: /, the cells 
which help to nourish the growing pollen gmius ; walls of anther. 


rod or a pencil Take a ripe anther from a Fuch.sia, Lily, 
or Tulip, and brush the fine powder it contains into the 



Fig, 6 . — A, a pollen grain of Pumpkin showing the places which the 
pollen tubes will pierce; B, a sectif»n of one of the elevations. Jn // 
the free nuclei can be seen. (Very highly magnified.) 


water. Spread it out, and examine it with a hand lens, 
or, better still, with a microscope. A series of numerous 
pollen grains will be seen. Each pollen grain is surrounded 
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by a wall, and its irregularities give the peculiar appear- 
ance to the grain. With the microscope, not only will the 
marking^ on the surface of the pollen grains be visible, 
but the contents can be distinguished. The pollen grains 
are cells to the botanist, and each one is a reproductive 
body. It seems evident that the pollen must have to do 
with the changes which go on in the swollen ovaries. The 
following experiment may help us to decide. 

10. -PEACTICAL WORK TO ASCERTAIN THE STRUC- 
TURE OE THE STIGMA. — (i) Remove one of the pistils 
from the flowers of the Fuchsia which was protected by 
the muslin. Examine the stigma with the hand lens. No 
pollen grains will be seen. (2) Examine the stigma. It 
is sticky, and the surface is somewhat irregular. The 
sticky nature and the irregular surface of the lobes of the 
stigma enable the pollen to adhere to it, so as to prevent 
it from being blown away. From the appearance of the 
stigma, it seems evident that it is adapted to receive pollen 
and is able to keep it moist* so that germination can take 
place. 

11. — PRACTICAL WORK TO ASCERTAIN HOW 
POLLEN GRAINS PRODUCE POLLEN TUBES.— (i) Melt 
a little gelatine in hot water, and add to it a very small 
piece of lump sugar. Now pour some of the fluid into a 
perfectly clean watch-glass, and brush into it the pollen 
from one or two ripe anthers. Cover with another clean 
watch-glass, and keep in a warm place for a few days. 
Examine with a hand lens ; this can be done easily, for the 
gelatine has set fairly hard, and it can be moved towards 
the lens, or better still placed on the stage of a microscope 
and examined with the low power. Neglecting all foreign 
bodies, look for the pollen grains. There will be seen 
growing from them a number of long tubes — the pollen 
tubes. From this experiment it seems certain, if pollen 

2 
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is kept warm, and in a substance like g-elatine, that the 
grains germinate or grow, producing pollen tubes. Do 
the pollen grains act in a similar manner when cleposited 
on the stigma ? ( 2 ) Cut down the centre of the style of 

the Evening Primrose or the Fuchsia, and examine it with 
a hand lens. Numerous long tubes will be seen coming 
from the pollen grains on the stigma. These are pollen 
tubes. This proves that the pollen grains germinate on 
the stigma, and form pollen tubes. 

12.— PEACTICAL WOEK TO ASCEETAIM HOW THE 
POLLEH IS CAEEIEB TO THE STIOMA.-Jn spring, 
summer, or autumn watch a 
bed of flowers, and note the 
movements of bees or butter- 
* They pass from flower 

fo flower, and remain on 
them for some time searching 
^ for nectar. Carefully capture 
‘ insects, and cx- 


Fic. 7.—Pollen grain of Epilohinm, amine it with the aid of a 
or Willow-herb, shovving pel- hand lens. Numerous pollen 
len tube, e, exLme; t, mime; . , , 

a, d, c, the three thin ])lace.s grams Will be found o\'or the 
from which i>ollen tubes may jrcneral surface of the body, 
protrude ; s, apex of i^ollen a, , . , . , 

tube. (Very highly maghinwl.) p'‘’m the observation made, 
it seems probable that bees, 
butter-flies, moths, etc., may carry pollen from flower to 
flower. It seems reasonable to suppose that the ovaries of 
the Fuchsia did not swell when protected by muslin bags, 
because they prevented insects from visiting the flowers. 
The distribution of the pollen is known as polUmtimi. 
la— PEACTICAE "WOEK TO ASCEETAll THE 
CHANGES WHICH GO ON IN THE OVAEY AETEE 


THE POLIEN IS PEACEB ON THE STIG1:A.-(i) Cut 
across the ovary of a young flower of the Fuchsia, and 
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remove some of the ovules ; they are very small. (2) In a 
similar manner remove some of the ovules from a swollen 
ovary ; tliey are larg-er than those obtained above. (3) 
Examine a small ovule obtained in No. i. This can be 
done by fastening- it to a glass slip with a little white of 
egg or mounting it in a drop of water. Make out with 



Fig. 8. — Section through an ovule, showing; /, stalk of ovule; az\ outer, 
and //, inner integuments ; A\ nucellus ; m, mici'ophyle ; E, embryo- 
sac ; embryo-sac nucleus ; a/, anlipodial cells. The egg apparatus 
consists of e, egg ceil, or odspherc, and s, syneigidoe. 


the aid of a hand lens or microscope the general appearance 
of the ovule. (4) Examine in a similar manner one of the 
ovules obtained from the swollen ovary. Can you see 
attached to it a pollen tube ? The ovule from the swollen 
ovary is far larger than the one examined above. The 
difference in the appearance of the two ovules may have 
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been produced by the pollen tubes. How do the pollen 
tubes reach the ovules, and what attracted them ? 

14.— PEACTICAI WOEK TO ASCEETAIN VThY THE 
POILEH TUBE BEACHES THE OVULE.— (i) Melt some 

gelatine in hot water, and pour it into a watch-glass. 
When it has set, place in the centre an ovule, and with 
care deposit near the edge of the gelatine some pollen 
grains. Cover with another clean watch-glass, and keep 
warm. Examine the pollen grains each day, and note the 
direction in which the pollen tubes point. The majority 
of the pollen tubes will point towards the ovule. What 
is the substance in the ovule which attracts the pollen 
tubes? (2) Prepare a similar preparation with gelatine, 
but place instead of the ovule in the centre of the watch- 
glass a small piece of lump sugar. Place the pollen as in 
No. I, and examine each day. How do the pollen tubes 
point ? Many of them point towards the sugar. 

OVULES. — It seems probable that sugar or a similar 
substance in the ovules attracts the pollen tubes. The 
pollen grains germinate on the stigma, and the tubes 
grow down the style into the ovary. In some cases they 
grow down special canals or hollows in the style, but in 
the majority of instances they grow between the cells of 
the style. The tubes then enter the ovules, and cause them 
to swell up. 

POLLEH. — Some flowers produce pollen grains which 
are sticky, and they often ding together to form pollen- 
massCvS. Such pollen will easily cling to the bodies of 
insects, and to the stigmas on which it is placed. On the 
other hand, numerous flowers form pollen which is dry 
and dusty. This can be easily moved by the action of the 
wind. 

POLLINATIOH. — From the experiments performed it is 
evident that the pollen must find its way from the anthers 
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to the stig-ma. The carrying of the pollen is known as 
pollination. There are several ways in which pollination 
can be carried out. 

(1) The agents for the distribution of the pollen may 
be insects, such as bees, butterflies, moths, beetles, etc. ; 
other animals may perform similar work, as snails and 
humming-birds. Why do insects visit flowers? It is 
common knowledge that bees visit flowers to obtain 
nectar, and that the nectar when mixed with saliva and 
chewed by the bees is converted into honey. During the 
time that they are engaged in collecting nectar they also 
obtain a certain amount of pollen, and from the nectar and 
pollen produce the bee-bread on which they feed their larvae. 
It seems a reasonable deduction that all insects visit 
flowers to collect nectar and pollen for food. In performing 
this work, they incidently distribute the pollen from flower 
to flower. It is evident that the sticky pollen will have 
the best opportunity to be transferred from flower to flower 
by insects. 

(2) The wind may distribute the pollen, as in the cases 
of grasses, willows, pines, elms, and oaks. The dry, 
dusty pollen will be of great service in this case, for it can 
be moved by the action of the wind. 

(3) In a very few cases water may be the medium by 
which pollination is brought about, e, g. Vallisneria. 

PEETILISATIOH. — When the pollen tube enters the 
ovule, the tip breaks off and a portion of its contents 
unites with one part of the ovule ; the union of these two 
masses of living material is known as fertilisation. Pollin- 
ation always precedes fertilisation, and all the changes 
which go on in ovules and ovaries are produced by the 
latter process. 

mms OF POLIIKATIOK km lEETILISATIOn.-If 
the pollen from the stamens of a flower is placed on the 
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stigma of the same flower, the process receives the name 
of self-poUinatmi. In some cases the pollen of one flower 
finds its way to the stigma of another flower of tfhe same 
species — this is known as cross-poUinaiion. The student 
will see from this that there are also two methods of 
fertilisation, viz. cross and self fertilisation. The con- 



FlG. 9. — Diagram showing ovule after fertilisation, a and /, integuments ; 
p stalk of ovule ; niicellus ; .S', <'mbyro-sac ; /i, embyro ; the cells in 
embyro-sac represent the developing endosperm ; I\ pollen lube 
passing through niicropyle. 

nection between pollination and fertilisation is shown 
below. 

Self-pollination precedes Self-Fertilisation. 

Cross-pollination „ Cross-Fertilisation. 

CHMGES FEODUCED IE THE FIOWEE EY FEE- 
TILISATION. — Numerous changes are brought about in 
the various parts of the flower by fertilisation. These 
changes can be discovered by observing flowers after 
fertilisation. 

16.~-FEACTICAL WOEK TOASCEETAIl THE CHANGES 
FEOBHCED IE FLOWEES BY FEETinSATIOI.~(i) Ob- 
serve the flowers on a window plant, and note that before 
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fertilisation the sepals and petals keep their shape, colour 
and perfume. After fertilisation notice the same flower : 
the petals shrivel up, lose their colour, and fall off; the 
ovary swells, and the ovules 
increase in si2e. (2) Select two 
very young* flower buds, and 
number them with Indian ink. 

Protect one from insects, etc., by 
a muslin bag*, and let the other 
open in the ordinary way. Ob- 
serve from day to day, and note 
which loses its sepals and petals 
first. (3) In a similar manner per- 
form experiments on plants which 
grow in a garden, and compare 
results -with those obtained in 
No. 2. (4) Make observations lo.-Rose Hips, 

on the flowers of the Willow 

Herb, Sweet Pea, White Deadnettle, or any other plants 
growing wild. W rite notes of the results obtained. 

SUMMARY OF THE RESULTS OBTAINED BY FER- 
TILISATION. — The student will have noticed that fertilisa- 
tion causes the petals to fall awa}^ They have performed 
their functions or have done their work of attracting 
insects and protecting the pollen from being moistened 
by dew or rain. The sepals may remain or fall away in a 
similar manner to the petals. After the pollen has been 
liberated from the anthers the stamens dry up and dis- 
appear. The most remarkable changes are produced in 
the ovary and ovules. These are shown below. 

Fertilisation changes the ovary, and in some cases other 
parts of the flower, into a fruit. 

Fertilisation changes the ovules into seeds. 
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FRUITS AND SEEDS 

lEUITS. — The changes which occur in the flower after 
fertilisation produces an organ which is known as a fnut. 
An organ is any part of the plant which performs special 
work. Thus the fruit is an organ because it protects the 
seeds, and aids in their distribution. 

16. -~PRACTICAL WORK TO ASCERTAIN THE STRUG- 
TUBE OF A FRUIT.— Examine a tomato, and note the 
stalk by which it was fixed to the plant. This was the 
stalk of the flower. All the parts of the flower have di.s- 
appeared except the ovary, this remaining as the fruit. 
Cut through the tomato in a vertical direction ; it i.s suc- 
culent or soft, and encloses a number of seeds. The whole 
of the fruit is known as the pericarp, and in many fruits 
three layers can be distinguished. These are — 

The surface skin, which forms the epicarp. 

The central portion, which forms the endocarp. 

The portion between the above, which forms the mesocarp. 

17. --PRACTICAL WORK TO ASCERTAIN THE STRUC- 
TURE OF THE APPLE.— Select a small apple, and make 
sketches to illustrate its structure. This can be clone by 
making a sketch of the whole apple. Mark on the sketch 
the stalk and dried-up portion at the top— the remains of 
the calyx. Cut through the apple, and show by a sketch 
the three layers and the seeds. In the apple the ovary 
has been enclosed by the swollen receptacle, and because 
this carries the calyx, the remains of this organ appears at 
the top of the fruit. 
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18.-~FRA0TICAL WORK TO ASCERTAIl THE STEHC- 
TUBE 01 VARIOITS EEHITS.— (i) Obtain a few fruits 
from tht; Stock or Wallflower, and make a sketch ’of one. 
Now open it, and examine its contents. Down the centre 



Fig. II.— Dry fruits. A, pod or legume of pea; B, a capsule of the 
Autumn Crocus ; F, siliqua of Kraccia or Cabbage ; Z>, capsule of 
Poppy ; E, capsule of common Henbane. 


a septum will be seen, and on this the seeds are fixed. It 
is a superior fruit, and, like the pistil, consists of two car- 
pels. (2) In a similar manner examine the fruit of the 
Gorse. This contains a number of seeds, and these alter- 
nate on either half of the fruit. It differs from the fruit of 



26 


PLANT LIFE 


the Stock in consisting- of only one carpel. (3) Examine 
the fruits of the Oak, Sycamore, Ash, Beech and Orange. 
Write short notes, and illustrate them by .sketches.* 
CIASSIFICATIOH OF FEUITS.-The student should 
make a collection of fruits, and arrange them according to 
the following classification. 


Fruits. 

Examples. 

Fruits with dry peri- 
carps. 

The fruits of the Stock, Wallflower, Radish, 
Cabbage, Turnip, Pea, Bean, i^rotnn, 
Gorse, Poppy, Sycamore, Ash, Buttercup, 
Monkshood, Lark.spur, etc. 

Fruits with some part 
of the pericarp soft, 
or succulent. 

The frui<.s of the Goo.seberry, Orange, Cur- 
rent, Apple, Pear, Cherry, i'lunC Grape, 
Rose, .Strawberry, Blackberry, i\iulhcrry, 
Cucumber, Tomato, etc. 

19.--PEACTICAL WOEK TO ASCEETAIH HOW FEXTITS 
IIBEEATE THEIE SEEDS.-(i) The student should ex- 


amine the dry fruits enumerated in the above table, and 
determine if they split open to set the seeds free. 1'his 
can be done by noticing if any pores or valves are present 
in the fruits, or if they split open when squeezed. The 
Poppy opens by pores, and the Bean, Pea, Stock.s, etc., 
split open. (2) Succulent fruits do not .split open, but 
decay, the seeds germinating in the fruits. Thus the soft 
parts of the Cherry decay, and the seed, which is enclo.scd 
in a hard endocarp, germinates, splitting open the 
endocarp. 

HOW FEHITS AHD SEEDS ABE SCATTEEED. --The 
seeds may be scattered while .still in the fruits, or, as we 
have seen, the seeds may leave the fruits. The following 
illustrates how the seeds are scattered. 
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1. Fruits scattered by 
the Wind with the Enclosed 

fruits of the 
Dandelion, Groundsel, 
and those of similar 
plants are distributed by 
the wind. They are in- 
ferior fruits, the calyx 
being converted into a 
pappus of hairs, this 
acts like a parachute on 
a windy day. The fruits 
of the Sycamore and 
Ash are also scattered 
by the wind. The seeds 
germinate in the spring, 
splitting open the fruit. 

2 . Fiiiiis scattered by 



Apumats . — (<?) Animals Fig. 12.— Combined fruit of Dandelion, 
are very fond of sue- sjiowin^r tlie pappus of hairs by which 
, , the fruits aie clbtnbuted. 

culent fruits, and they 

carry them away to 
eat. Thus the cherry 

and plum are often \. 1' fi/ 

removed by black- V 

birds, and the seeds \ 

become widely dis- V 

tributed. {h) Animals 'w * Xs. 

also remove dry 

fruits, such as nuts, 

and in some cases ^ ¥ 

the squirrels store ^1 

them away. These “gyemote, showing: 

germinate when the pedicle, or stalk ; /, wings ; m, seeds. 
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warm weather comes, (c) Animals are often the uncon- 
scious agents for the distribution of fruits. Fruits may 
cling to' the fur, feathers, and feet of animals. 3y this 
means they may be widely spread. 

3. which scatter their Seeds . — Many fruits explode, 

shooting their seeds for a considerable distance. The 
Wood Sorrel and Pansy are good examples. 

20. -~PBACTICAI WORK TO ASCERTAIN HOW SEEDS 
ARE DISTRIBUTED. — The student should, on every avail- 
able occasion, examine fruits in the 
field, and make full notes of the 
methods of distribution. For in- 
stance, the range or distance to 
which the fruits of the Sycamore 
are carried by the wind might be 
noticed. In some cases they may 
be found on old walls, buildings, 
roofs, and on bare patches of 
rocks. The distribution of fruits 

Fig, 14, -Fruits of Rose. 0^ plants, such as the Thistles, 
Groundsel, and Dandelion should 
be noticed. A walk along a country lane in autumn or 
winter will generally enable one to collect plenty of 
examples of fruits, and make numerous observations of 
how seeds are scattered. 

SEEDS. — By means of practical work we have already 
considered how seeds are produced and distributed. We 
will now proceed by the usual method to ascertain the 
structure of a few typical seeds. 

21. -PRACTICAD WORK TO ASCERTAIN THE 
STRUCTURE 01 THE SEEDS OF THE REA. -Soak a 
few peas in water for 24 hours ; note that they absorb 
a large quantity, and increase in size. Carefully examine 
one, and find the place where the seed was attached to the 
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fruit by a stalk. Gently squeeze the seed, a drop of water 


appears at a small opening ; this 
opening is known as the micropyle, 
and the mark near it receives the 
name of hihim. Remove the 
coverings from the seed, and 
separate them. The outer skin 
is the testa and the inner one the 
tcgmen. The two combined form 
the sj^ermoderm. Inside the sper- 
moderm the embryo, or young 
plant, will be found. It consists of 
a root or radicle, a pair of thick 
fleshy leaves, the cotyledons or seed- 
leaves, and between these a young 
stem, or plumule, will be found. 
When the whole of the seed is 
occupied by the embryo, so that 
there is no room for anything else, 
the seed is said to be emllmmiiious. 
This is in contradiction to those 
which contain material stored up 
in the seed for the use of the em- 
bryo when it begins to grow — the 
albuminous seed. Make a sketch 
of the parts present in the seed, 
and see if the parts conform to 
those given below. 



Fia. 15.— .-J, seed of Bean with 
cotyledon or seed-leaf removed ; 
the iemaiain‘4 cotyledon ; w, radi- 
cle or young root ; kn^ plumule or 
young stem ; s, testa. 

geiminating seed of Bean, 
showing : //, the primary root ; 
tw, ape>c of root ; /if, portion of 
stem below first foliage leaves; 
/.«, young bud in axil of cotyledon; 
?r, hilura ; jt/, testa ; /, portion of 
testa turn away. 


'Spermoderm 

Pea 

Seed Embryo, or 
. yoimg plant 


Leaves, or cotyledons, 
"I Stem, or plnmnle. 
lEoot, or radicle. 



3° 


PLANT LIFE 


22.-PEACTICAL WORK TO ASCERTAIN THE 
STRUCTURE OF ALBUMINOUS SEBDS.-(i) Obtain a few 
Castor Oil Seeds, and examine one. Find on the outside 
the spermoderm and micropyle. Try and strip the 
spermoderm from the as the central mass of the 

seed is called. Cut through a seed in a vertical direction, 
and examine the exposed surface. Find the embryo and 
endosperm. The endosperm consists of a collection of 
cells which contains reserve material for the early develop- 
ment of the embryo. (2) Make a section through the seed 
of the Wood Sorrel, and find the spermoderm, embryo 
and endosperm. (3) In a similar manner examine the 
seed of the Coffee Plant. (4) The Indian corn, wheat, 
barley, and oats can be used for comparison, but the 
student must remember that they are fruits, not seeds. In 
an albuminous seed the parts shown below can be 
found. 


Castor-oil 

Seed 


Spermoderm. 


j'Endosperm. 

■| Embryo, or 
^ young plant 


/Seed leaves, or cotyledon. 
1 Stem, or plumule. 

[Boot, or radicle. 


23.-FEACTICAL WORK TO ASCERTAIN HOW SEEDS 
EADL ON THE SOIL. — Select a number of .seeds, and allow 
them to drop on some .sand. In the case of all the seeds 
used in this experiment make careful observation of 
the side which touches the sand. In far the larger 
number of cases the hilum, near which the micropyle is 
found, will be downwards. Why ? The micropyle end of 
the seed has generally a greater specific gravity than the 
rest, with the result that the centre of gravity is near the 
micropyle, and this is^downwards when the seed comes to 
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rest. Of what service is this to seeds? Water can enter 
the seed at the niicropyle, and so it aids the seed to 
germinaie. 

SEEDS AND EEIJITS. — The seeds produced by the 
parent plant carry on the life of that particular species, 
and the more widely they are distributed the better the 
chances that some of them will fall on suitable soil for 
growth. The colour of fruits and seeds, along with their 
shape, weight, and irregularities, have to do with distribu- 
tion. Young seedlings live on the materials stored up in 
the seeds until they can earn their own livelihood. Food 
materials may be stored up in seeds (i) outside the embryo, 
(3) in the cotyledons. In the albuminous seed the reserve 
food is outside the embryo, and as germination proceeds 
it is used up. On the other hand, in the pea and bean or 
exalbuminous seeds it is stored up in the cotyledons, and 
at the close of germination they will generally be found 
empty. 

Fruits aid in the distribution of the seeds ; their colour 
shape, aroma, mode of opening, etc., have to do with this 
important function. Winged fruits, like those of the Ash 
and Sycamore, render them light in proportion to size, 
hence their wide distribution. There is also another 
advantage in having the seeds widely distributed, viz. 
that they do not compete with the parent plant for food 
supply. If all the seeds produced by the Sycamore were 
deposited beneath the parent tree, the seedlings would 
have very little opportunity of surviving in the struggle 
for existence. From the very first they would be shaded 
by the adult plant, and after a more or less keen struggle 
they w^ould die. 
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GERMINATING SEEDS AND SEEDLINGS 

COIDITIOKS KfECESSARY POE G-EEMIIATIIG 
SEEDS. — From the practical work done in the last 
chapter, we have seen that a seed contains a young 
plant, and this is made up of a radicle, or root ; a plumule, 
or stem ; and cotyledons, or seed-leaves. The embryo, or 
young plant, is dormant, and will remain in that condi- 
tion for a considerable length of lime if kept dry. How 
long a seed will keep its vitality is a much-disputed topic 
among botanists. But from the observations made with 
the seeds of cultivated plants, it has been discovered that 
immature ones develop slower than those which have 
been kept for two years ; seeds of this age germinate 
quicker and produce strong plants. It has also been dis- 
covered that the number of seeds which will germinate 
decrease after a certain length of time. If they are kept 
for a period of twenty 'years, not above one in twenty 
will produce seedlings, and after thirty years hardly any 
will germinate. Seeds will germinate or begin to grow 
if kept for some time in a moist condition, and at a 
certain temperature. There are three conditions neces- 
sary for the germination of seeds ; these are— 

(1) The seeds must be kept moist, so that they can absorb 
water. 

(2) The seeds must be kept warm, so that the beat can 
stimulate tbe embryos, and enable them to grow. 

(3) Tbe seeds must be supplied with air, so that tbe 
oxygen it contains can act on tbe embryos, and enable them 
to obtain tbe energy necessary for growth# 
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24. — PRACTICAL WORK TO ASGERTAIK HOW SERBS 
GrERMIHATE. — Place a few Bean seeds to soak in water 
for twelve hours. Prepare two chalk-boxes or plant-pots, 
and fill them with sawdust. Moisten the whole of the 
sawdust with water ; this can be done by placing- them 
in a dish full of water for a few minutes. Lay about 
twenty seeds on the surface of each plant-pot, and cover 
them with pieces of glass. Place one on a window sill, 
and the other in a dark cupboard. Examine them each 
day, and note which germinates the quickest. At the end 
of a week remove one seedling from each pot, and make 
sketches to show how germination takes place. The seeds 
swell up, and as development proceeds, the radicle pushes 
its way through the micropyle, and strikes downwards 
into the sawdust. The plumule comes from between the 
seed-leaves in a bent position, and slowly straightens itself. 
At last the whole of the material in the seed-leaves have 
been removed into the young seedling, and the empty 
leaves decay. Those plants which germinate in the dark 
grow the quickest, but they are pale in colour, while those 
which have been exposed to light are more sturdy and 
green. If average specimens from each pot are taken 
each week, and carefully measured, a curve can be con- 
structed for each condition of growth. Show by sketches 
the appearance presented by Bean seedlings when one, 
two, three, four, and five w’-eeks old. 

25. --RRACTICAL WORK TO ASCERTAIN HOW INDIAN 
CORN GERMINATES. — Soak in water for twenty-four hours 
a number of seeds of the Maize, or Indian Corn. Divide 
them between two plant-pots in a similar manner to the 
beans ; keep them warm and moist. Place one pot in 
the dark, the other in the light. Make sketches, so as to 
obtain a series of views of the growth of the plant. The 
young root only grows for a short length of time, then 
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numerous rootlets are produced from above it — these re- 
ceive the name of advefititious roots, because they are 



Fig. i6. — Seedling of 
Sycamore. cc, cotyle- 
dons; the plumule; 
he, the portion of stem be- 
low cotyledons or hypo- 
cotyl ; radicle or pri- 
mary root with apex cut 
off ; h, root-hairs. 


not developed in regular order. 
Contrast the methods of g'ermina- 
tion shown by the seeds of the 
Bean and Maize. Compare the 
structure of the leaves with those 
of the Bean, and note any peculi- 
arities which the different seed- 
lings show. 

26.— PEACTICAL WOEE TO 
ASCEETAIN HOW BIFFEEEHT 
SEEDS GEEMINATE.— The stu- 
dent .should perform similar ex- 
periments, using some of the fol- 
lowing seeds : — 

Peas. Cabbage. 

Vetche.s. Tomato. 

Almond.s. Buckwheat. 

Castor-oil. VVlieat. 

Sycamore. 0;its. 

Mustard. Barley. 

Turnip. 


27.-PEACTICAL WOEK TO SHOW DIFEEEEHT COF- 
DITIONS AFD THEIE ACTION OF GEEMIFATIOF. - 
(i) Clean two pickle-bottles and their stoppers. Place 
in one some peas, and fill to the top with water, then 
replace the stopper. ^In the other bottle place .some 
damp pieces of blotting-paper, and on these some peas. 
Do not replace the stopper. Keep both bottles under 
similar conditions, and at a suitable temperature. Ex- 
amine each day ; note how germination goes on in (i) the 
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bottle of water which contains very little air, (ii) the bottle 
which contains air. The seeds supplied with air germinate 
far better than those in the water. Why ? Because 
oxygen is necessary for the healthy growth of seedlings. 

( 2 ) Fill two plant-pots with sawdust ; place on each an 
equal number of seeds : keep one pot in a cold place, and 
the other near a fire. Which germinates the quickest ? 
Why do the rates of germination vary ? This experiment 
shows that heat is necessary for germinating seeds, and 
that the rate depends upon the amount. 

( 3 ) Fill four plant-pots with soil, and plant in each forty 
mustard seeds at the following depths : half an inch from 
the surface, one inch, two inches, and three inches. Keep 
under similar conditions, and count the number of seed- 
lings which reach the surface in each pot at the end of 
one week, two weeks, etc. What conclusions do you 
draw from the above experiments as to the best conditions 
for the germination of seeds ? WTat bearing would the 
experiments performed have upon the practical work in a 
garden or on a farm ? 

28. — PRACTICAL WORK TO ASCERTAIN THE ACTION 
OF LIGHT ON GROWTH.— Prepare three plant-pots, and 
plant in each a similar number of peas. Keep one ex- 
posed to light, another in the shade, and the third in the 
dark. Note the rate of growlh, and appearance of the 
seedlings for not less than six weeks. Is light favourable 
to healthy growth? How do the stems grow ? Do they 
bend towards or away from the light? The leaves pro- 
duced by the different plants vary in size. Which produce 
the largest leaves ? 

29. -PRACTICAL WORK TO ASCERTAIN WHERE 
SEEDLINGS GROW THE BEST.— Prepare three plant- 
pots, fill two with saw’dust, and the other with good soil 
Plant seeds of the Buckwheat in each pot, and moisten 
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one of the pots which contains sawdust with water. The 
other can be moistened with the solution given below, 
and the one which contains soil should receive only water. 
Keep under similar conditions of temperature and light. 
Observations should be made of the rate of growth, etc., 
for a period of not less than ten weeks. Select each week 
an average seedling from each pot, dry thoroughly, and 
weigh. This will enable correct conclusions to be de- 
ducted from the experiments performed. 

Culture solution to he med in the aho'ue c.xperiiuent 

Water about one pint, or . . . i litre. 

A few crystals of pota.ssic nitrate 
(saltpetre), or .... i gramme. 

A very little common salt, or . . I gramme. 

A similar amount of sulphate of 
magnesia, or . . . . J, gramme. 

A similar amount of sulphate of 
lime, or I gr.amme. 

A similar amount of phosphate of 
lime, or ! gramme. 

A little dilute solution of chloride ol iron. 

This solution can be diluted with water, and the saw- 
dust can be kept moist by using the mixture. 

30.~PEACTICAI WOEK TO ASCEETAIN THE OEE- 
MIEATIHG POWEE OF SEEDS.- Fill two plant-pots with 
sand, and moisten with water. Count out twenty-five 
mustard seeds, spread them out on the surface of the sand 
in one of the plant-pots. Place the same number of seeds 
of the Buckwheat on the surface of the other plant-pot. 
Note the number of seeds which have germinated at the 
end of a fixed time, say a week. If twenty seeds have 
germinated, the germinating power will equal eighty per 
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cent. The student should perform similar experiments, 
using other kinds of seeds. 

31. — PRACTICAL WORK TO ASCERTAIl WHY THE 
ROOT BEIBS DOWHWARDS WHEH THE SEED OER- 
MIHATES. — Germinate some Bean seeds on sawdust until 
the roots are over one inch in length. Prepare some wide- 
mouthed bottles. Those which have had pickles or jam in 
will answer for these experiments. Obtain corks which 
will fit the necks of the bottles. Remove a Bean seedling 
and pass a pin through the seed-leaves, so as to fasten it 
to one of the corks. Now place in the bottom of each jar 
a little water to keep the seedlings moist. Allow the seed- 
ling to grow, and note the direction in which the root 
bends. In a similar manner fix another seedling so that 
the root is horizontal, and allow it to grow under the same 
conditions. Fix another with the root pointing upwards. 
Cut off the tip of the root of a fourth seedling, and fix It so 
that the stump is horizontal. Make observations of their 
method of growth, and state the conclusions you draw 
from the above experiments. 

32. — PRACTICAL WORK WITH ROOTS TO ASCERTAIN 
THEIR RATE OF GROWTH, — Select a Bean seedling with 
a root some tw^o inches in length. Divide the two inches 
into twenty equal parts, and mark their position with 
Indian ink. Fix the seedling in a funnel so that the root 
points downwards, and set it in a bottle which contains a 
little water. Cover the funnel with a watch-glass. Observe 
(i) the increase in growth between the two most distant 
marks, and ( 2 ) where the growth is the quickest. Make 
drawings to scale at intervals of several days to show^ rate 
of growth. Note where the branch roots appear, and the 
root hairs. Similar experiments should be carried out 
with other seedlings. 

83.-PRACTICAL WORK TO SHOW THAT ROOTS 
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ABSORB SUBSTANCES.— Fix two Bean seedling’s in 
funnels, and allow one root to dip into a glass of water 
which Contains cosin or red ink. Let the other root dip 
into clean water in a test-tube or vessel, and mark the 
water-level with a litmus pencil. Cover each funnel with a 
watch-glass. The root which dips into the coloured 
water absorbs some of the solution, and is stained a 
deep red far above the level of the water. The decrease 
in the level of the pure water in the other vessel 
shows the amount absorbed. This experiment shows 
that roots can absorb or take in substances which are 
soluble in water. Nearly all the food which a plant 
requires is absorbed by the roots, and from the soil in 
which it grows. 

34.~PEACTICAI WOEK TO ASCEETAIH WHAT SOIL 
IS COMPOSED OE. — Carefully examine some good garden 
soil, note the dark colour, and that it is composed of 
particles of rock. If possible, pass the soil through a 
coarse sieve, so as to remove the largest fragments. 
Thoroughly dry some of the soil in an oven. Weigh out 
one ounce or fifty grammes of the dry soil, and place in a 
tumbler. Now allow a steady stream of water to fall on 
it for about an hour, stirring with a glass rod from time to 
time. Now drain through a sieve, and dry again. Weigh. 
The loss in weight roughly equals the amount of soluble 
material it contained. It is this soluble materia! which the 
roots of plants can absorb from the soil. 

GEEMIHATION. — When a seed germinates, as the 
above experiments have shown, the rcidicle, or young root, 
bends downwards, and grips the soil before the plumule, or 
young stem, appears. The student will sec the advantages 
to the seedling of the root penetrating the soil, in the 
first place, the seedling is firmly fixed to the soil, and it 
absorbs water which contains food materials* That this 
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is of advantage to the seedling can be shown by cutting 
off the root, when the growth made is very slow. The 
plumule ’is supported by the root, and the reason, for its 
later development is at once apparent. It would be a 
positive disadvantage to the plant for the stem which is 
clothed with leaves to be elevated into the air, until a well- 
formed root-system had been developed to supply it with 
water. It is also an advantage to the plant, as well as to 
the gardener or farmer, for the root to turn downwards 
when it leaves the seed. Just suppose roots did not possess 
this important property ; it would be necessary for the 
farmer or gardener to place all the numerous seeds — say 
a pound of turnip seeds — with the micropyle downwards in 
the soil. What work it would produce ! There is no doubt 
that the bending of the root downwards and the stem 
upwards must be of advantage to the young plant. The 
seedling also lives on the reserve material in the seed, or 
on the substances already in the seed-leaves. After 
germination only the empty husks of the seeds are left 
behind, the whole of the nutritive material being used up 
by the developing plant. 

LIGHT AHB GROWTH. — The stem grows quicker in the 
dark than in the light, but the leaves generally remain 
small. On the other hand, the leaves become fully formed 
in the light, and the stem is short and sturdy. Roots turn 
away from the light, but leaves towards the source of 
light. This is well shown by window plants, for the 
stem, if examined, will be seen to be parallel to the rays 
of light, and the leaves place themselves at right angles 
to it. 

THE SOIL AID THE PLAIT.— From the practical 
work done the conclusion can be deducted that plants grow 
far better in good garden soil than in sawdust, and better 
if fed with the culture solution than with pure water. The 
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soil is composed of particles of broken-down rocks, alonj^ 
with vegetable matter which gives to it the dark colour 
already^ noticed. Most soils are composed of sand, clay, 
lime, small stones, with the remains of roots, stems, and 
leaves, which receive the name of humus. Good soils 
will hold a fair amount of water, and they contain soluble 
materials. It is only in such soils that seedlings reach 
their fullest development and become full-grown plants. 
We shall consider in a later portion of the work the 
wonderful faculty by which plants obtain the food they 
require. 

STRFCTUEE OF SEEBLIUGS. — The young plants when 
they appear from the seeds and grow in the soil and 
external air are objects of interest to students of nature- 
study. The radicle of the Pea becomes the main, or 
primary, root of the seedling, and it produces a series of 
branches which receive the name of secondary roots. 
From these other roots arise, and on all the newer por- 
tions of the roots small hair-like bodies grow ; these are 
the root hairs. They are well shown on the root of a 
germinating mustard seed. The root hairs absorb water 
from the soil, and as the roots increase in length they die 
off on the older portions, new ones being produced near 
the tips of the roots. 

The plumule in a similar manner becomes the main 
stem of the plant, and from it branches and leaves are 
produced. Even the thick stem of the oak has been 
formed from the thin plumule of the seedling. The first- 
formed green leaves of the seedling may vary very much 
from those of the adult plant. This is well illustrated 
by the seedlings of the Sycamore, where the first leaves 
are narrow, long, and thick, but those of the adult plant 
are divided into lobes. 
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GBOWIH’G'POIHTS. — The student will have noticed 
from the practical work that the seedling possesses two 
points at which growth takes place. One of these comes 


near the apex of the plumule, and the 
other close to the tip of the radicle. 
We will now consider the structure 
of the growing-points, and how they 
are protected from injury. 

35.~~-PRACTICAL WOEK TO AS- 
CERTAIir THE POSITION AND 
STETJCTIJEE OF THE BHDS ON 
THE HOESE CHESTNITT.-From a 
Horse Chestnut during autumn 
select a twig or branch which bears 
buds, and note where they grow. 
At the apex of the twig or branch 
a very large bud will be found— 
terminal or apical hud. Smaller 
buds will be found along the sides of 
the branch — the lateral or axillary 
buds. Most buds are produced in 
the axils of leaves, and even if the 
twig bears no leaves, the scars left 
by them mark the positions which 
they once occupied. Axillary buds 
grow in the axils of leaves, or in 



Fig. 17. — A twig of the 
Horse Chestnut, show* 
ing leaf scar. 


the space enclosed by the stem and leaf, and the base of 
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the ieaves protects them from Injury. Each leaf scar 
shows a series of marks which looks like a horseshoe 
(FI". 17). The position of the buds and leaves 6r scars 
should be shown in a sketch. (2) Examine the outside of 
the terminal bud. It shows a series of overlapping- scale- 
leaves, the outside of which secrete or form resin. The 
sticky nature of the buds on the Morse Chestnut protect 
them from being eaten by animals, and the resin acts like 
a waterproof coat on a man. Remove a scale-leaf. The 
interior is lined with numerous hairs, and these help to 
keep in the heat. Thus the resin on the outside prevents 
the entrance of water and .-uiimals, while the liairs on the 
inside keep the enclosed parts warm, just as the nap of a 
blanket prevents the loss of heat from the body it encloses. 
(3) Carefully remove the scale-leaves so as to expose the 
young foliage leaves within. Count the number of leaves 
in the bud. In all the buds examined by the author the 
number present have been six. Remove the leaves and lay 
them on a sheet of paper. Now mnke sketches to illustrate 
their appearance. Such buds are known as winter buds, 
.so as to distinguish them from the swollen or spring buds. 
Both kinds of buds are identical in struclure, only the 
spring ones are the largest. (4) Examine the apex of 
the stem which was enclosed in the hnd- lhis is the 
growing-point. (5) Cut a section through a well-developed 
bud, so as to pass downwards from the apex. 1'he 
growing-point will be seen to be protected by the over- 
lapping leaves, (6) Compare the .structure and appearance 
of (i) the terminal bud with that of the lateral one ; {2) a 
bud in autumn with one in spring. 

36.~-PEACTICAL WOEK TO ASCEETAIl THE 
STEHCTUEE OE THE BHDS OH THE SYCAMOEE.-- 
(i) Obtain a good-sized branch from the Sycamore in 
autumn, and examine the position of the buds. In this 
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case, as in that of the Horse Chestnut, the one at the 
apex of the branch is the largest Just behind the ter- 
minal bud a pair of very small lateral ones will b*e seen. 
They face each other or are opposite. This is true of all 
the lateral buds. (2) The interior of the bud is protected 
by scale-leaves. They differ from the scale-leaves of the 
Horse Chestnut How do they differ ? Remove a scale-leaf 
and compare with that of the Horse Che?;tnut (3) Carefully 
remove all the scale-leaves, and count the number of the 
young leaves inside the bud. Four is the usual number. 
Make sketches to illustrate their appearance. (4) Cut 
lengthwise through another bud so as to pass through the 
apex. The growing-point will be seen to be protected by 
the leaves. 

37. — PRACTICAL WORK TO ASCERTAIN THE 
POSITIOH OF THE BUDS OH THE LILAC.— Examine a 
branch from the Lilac tree, and note the position of the 
buds. At the apex of the stem a pair of buds will be seen, 
and lower down another pair will be found. All the buds 
of the Lilac are opposite and axillary. The apex of the 
branch will not go on growing, but in place of a continua- 
tion of this a pair of lateral branches are produced. 

38 . — PRACTICAL WORK TO ASCERTAIH THE 
STRUCTURE OF A BUD OH A CABBAGE.—(i) Obtain 
from a gardener an old cabbage stalk which carries buds. 
Remove a single bud, and cut through it lengthwise. The 
growing-point will be in the centre. Around this a series 
of overlapping green leaves will be seen. The only differ- 
ence between the bud of a Cabbage and those already 
examined consists in it being larger. (2) Try and work 
out the arrangement of the buds on the cabbage stalk. 
They will be found to occupy different levels on the stalk, 
and each one has at its base a leaf scar. (3) Compare 
the structure of the young bud with a fully developed 
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Cabbage. The Cabbage is a bud, and the leaves are foliage 
leaves. 

39.-PEA0TICAL ■ WORK TO ASCERTAIN WHERE 
BHDS ARE DEVELOPED. -The student should on every 
opportunity examine plants in the field to ascertain the 
position of the buds. The following woody plants will 
offer a fair selection : — 


Oak. 

Beech. 
Spindle tree. 
Hazel. 

Rose. 

Elm. 

Honeysuckle. 


Ash. 

Hornbeam. 

[..aburnum. 

Birch. 

Guelder Rose. 
Elder. 

Popljir. 


Gorse. 

Willow. 

Ivy. 

Alder. 

Wayfaring tree. 
Hawthorn, 


40. -PRACTICAL WORK TO ASCERTAIN THE HSES 
OF BHDS.— If a young Sycamore tree can he obtained lAr 
experimental purposes, the following series of experiments 
can be performed, (i) From the apex of one branch rub the 
terminal bud, and during spring notice how the other buds 
on this branch act during development. {2) Rub from 
another branch all the lateral buds. Compare the results 
with those obtained in Number i. {3) From another 
branch remove the whole of the buds and examine from 
time to time. This .series of experiments, if .successful, 
will .show the use of buds, and the changes which may be 
produced in a tree by the destruction of the buds by frost 
or by animals. 

4L— PRACTICAL WORK TO ASCERTAIN HOW 
STEMS OROW.— Obtain branches from the Horse Chest- 
nut, Sycamore, Beech, Lilac and Oak. Now find the 
amount of growth in length of the different stems during 
the last two years. The colour of the bark and the differ- 
ences in thickness of different parts of the stem will 



GROWING-POINTS 


45 


generally be sufficient to enable one to decide on the 
amount of gTowlh for any given year. 

42.— ^EACTICAI WORK TO ASCERTAIN THE STRUC- 
TUBE OF THE TIP OF A BOOT, — (i) Remove the 
coverings from a bean which has been soaked in water for 
twelve hours and find the radicle. Now with a sharp 
knife or razor shave off a small fragment lengthwise 
through the apex of the radicle. Place on a glass slip in 
a drop of water. Cut a deeper layer from the radicle and 
place by the side of the other section, as such a small 
piece is called. Examine with either a hand lens or micro- 
scope. A dark inner zone will be seen, and this encloses 
a lighter-coloured portion — the centre of the root. On 
the outside of the dark zone there will be seen a layer 
which differs in appearance. The outer layer which sur- 
rounds the whole of the tip of the root is the roof^capy 
and this protects the growing-point from being injured by 
the soil. Between the root-cap and the central portion of 
the root comes the groiving-poini. The whole of the growth 
in length of the root depends upon this layer. If this 
should be destroyed, the growth of the root in length will 
be arrested. (2) Compare the structure of the tip of the 
radicle of the bean with that of a well-developed root of 
the bean. (3) The student should examine the roots of 
other plants, and compare results. 

BUBS WHICH GBOW ON STEMS.— Most buds grow 
in the space formed between the stem and leaf. This is 
known as the axil of the leaf. All the buds which grow 
in the axils of leaves are known as axillary buds. Several 
buds may be found in the axil of a leaf, one being far 
larger than the others. The well-developed one forms a 
branch, the others are reserve buds. If the branch should 
be injured or die away, one of the reserve buds may then 
become active. Many plants produce buds which are 
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deeply buried in the outer portion of the stem ; these 
receive the name of dormant buds. Such buds become 
active if the plant loses the ordinary leaves by frost, or if 
the leaves are eaten by animals, and when the upper por- 
tion of the stem is broken off. If the top of a willow tree 
is cut off, the dormant buds become active, and a larg-e 
crop of willow shoots are obtained. Why ? Because the 
upward growth is arrested, and the loss can be made 
good by the development of the dormant buds. It seems 
very probable that the production of reserve and dormant 
buds may be a wise provision of nature to guard the free 
ag'ainst injury through the loss of its branches by the wind 
or storm. 

BXJBS WHICH GHOW OH H00TS.--lf the old stem of the 
Aspen, Lilac, or Rose is cut down near the ground, there 
will spi'ing up around the stump a scries of small saplings, 
or young trees. These are produced from the roots by 
the development of dormant buds. In some cases new 
buds may be formed on the roots if the part above ground 
has been injured, as in the ilawthorn, (rardeners make 
use of this property in the propagation of plants. They 
split, for instance, the root of the Rhubarb plant, a.nd each 
piece when planted produces a new plant. 

STEHCTTOE OF BUBS. ■ hhich bud, as we have seen, is 
protected by scale-leavevS. These are leaves which have 
been modified for the special work of protecting the young 
leaves and growing-point which they enclose. The 
characters of the scale-leaves vary in different plants, 
as in the Horse Che.stnut and Sycamore. Some of the 
buds may enclose flowers. This is well shown in many 
buds of the Sycamore, Horse Chestnut, and l^ilac. Each 
bud when it develops forms a branch, and the growth of 
the axis or stem of the branch separate.^ the leaves which 
were crowded when in the bud. 
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STEUCTURE OF THE G-EOWIHO-POIIT OF STEM. 
—The gTo\ving--point of the stem of a woody plant, such 
as the Sycamore, consists of three different layers, and 
from these the whole of the trunk with its leaves are de- 
veloped. The external layer forms the coverings of the 
young- seedling, but this is generally replaced by the iark 
ill an older plant. Just below the external layer there is a 
deeper layer of the growing-point, and from this the por- 
tion between the surface skin and the central part of the stem 
is formed. Below the two layers enumerated above comes 
the deepest layer of all. This forms the whole of the 
central portion of the young stem. The arrangement of 
the layers in a growing-point cannot be made out 
without the use of sections and a good microscope ; 
but the following will help to make it clear. 

The external layer of the growing-point produces the 
covering of both stem and leaves. 

The internal layer of the growing-point produces the 
central portion of stem. 

The middle layer of the growing-point produces the 
portion between the above. 

GROWIHG-FOINT OF ROOT. — The growing-point of 
the root, like that of the stem, consists of three layers. 
The following shows the position and uses of these 
layers. 

The external layer of the growing point produces the 
covering of the young root, root hairs, and root-cap. 

The internal layer of the growing-point produces the 
central portion of the young root. 

The middle layer of the growing-point produces the 
portion between the above. 

THE ROOT-CAP. — The growing-point of the root differs 
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from that of the stem in being protected by a cap of cells. 
In the stem protection is given to the growing-point by the 
parts which surround it, viz. scale-leaves, etc. It the 
root lengthens, the root-cap comes in contact with the 
soil, and the external cells are worn away. The external 
cells are replaced by the growing-point, which is constantly 
engaged in adding to the root-cap from within. The 
function of the root-cap is to prevent the tender grow- 
ing-point from being injured as the root forces its way 
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STEMS AND THEIR FUNCTIONS 

STEMS. — The portion of a plant which supports the 
leaves is known as the stem. Stems vary in thickness 
from a fraction of an inch up to many feet, and they may 
creep along the surface of the soil or stand over a hundred 
feet high. Thus the stem of the Major Oak in Sherwood 
Forest is hollow, but the cavity is large enough to shelter 
sixteen persons. On the other hand, the slender stem of 
the Ivy-leaved Toad-flax does not exceed a quarter of an 
inch in diameter. Some stems grow erect, and they are 
so sturdy that they can support numerous branches and 
leaves. Other stems are so slender that they have to 
support themselves by climbing over more sturdy plants 
or over rocks. Numerous stems grow underground, while 
others creep along the surface. We will now consider the 
structure of stems. 

43. PRACTICAL WORK TO ASCERTAIN THE KINDS 
OP STEMS. — (i) Obtain the stem of the White Deadnettle, 
and notice that it can be easily broken. It is green and 
four-sided. Compare the above stem with that of the 
Chickweed. They both have green stems, and these are 
said to be herbaceous. Such plants are often spoken of as 
herbs. (2) Select a branch from the Willow. Try and 
bend it ; this can be done easily, but because of its elasticity 
it rebounds as soon as the pressure is withdrawn. This 
well illustrates the character of a shrubby stem. (3) The 
branches used in the previous practical work on buds will 
illustrate what is meant by woody stems. The Oak, 
4 49 
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Horse Chestnut, Sycamore, and Elm produce woody 
stems. All stems which grow exposed to light can be 
divide^! into three classes, viz.— 

Herbaceous ; 

Shrubby ; 

Woody. 

44. — PRACTICAL WORK TO ASCERTAIN THE SHAPE 
OF STEMS.— (i) Note the shape of the stem of the White 
Deadnettle. It is square, and four rows of leaves grow 
from the sides. Such stems are said to be quadrangular. 
(2) In a similar manner examine the stem of the Stock or 
Wallflower. There are five ridges on the stem, and these 
run from the base to the apex. From the ridges five rows 
of leaves grow. Stems similar to those of the Stock and 
Wallflower are said to be ribbed. (3) Obtain branches 
from the Lilac and Sycamore. Note the stems are round. 
The student should examine all the stems which can be 
met with on a journey in the country, and try to arrange 
the examples into classes according to shape. 

45. — PRACTICAL WORK TO ASCERTAIN THE 
CHARACTERS OF THE SURFACE OF PLANTS.-(i) 
Examine the surface of each specimen of stem used in the 
preceding practical work. Stems may be smooth, hairy, 
spiny, rough, green, brown, black, etc. (2) In a similar 
manner proceed to examine the covering of all the stems 
met with on a journey in the country. 

46 . — PRACTICAL WORK TO ASCERTAIN HOW THE 
LEAVES HROW ON A STEM. — (i) Obtain a plant of the 
Chickweed, and examine the stem. The places from 
which the leaves spring receive the names of nodes. 
In the Chickweed, they are swollen. (2) In a similar 
manner examine the stems of the White Deadnettle, 
Stock, and Wallflower. Make sketches to show the 
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nodes, and the spaces between them— the internodes 
(Fig. iS}. 

47. — PEAGTICAI WORK TO ASCERTAIN tSe IN- 
TERNAL STRUCTURE OE HERBACEOUS STEMS.— (i) 
Select a piece of the stem of the Deadnettle which contains 
at least four nodes and internodes. Split it open length- 
wise, and clear the soft pith from the centre. A number 
of fibres will be seen to come into view as the pith is 
removed. These receive the name of vascular bwidles. 
Trace one vascular bundle both up and down the stem. It 
will be seen to come from a leaf, it then passes through 
two internodes, and joins on to the vascular bundles 
vertically below. In most square stems, four main rows 
of vascular bundles will be found, or they will equal the 
number of rows of leaves. ( 2 ) Proceed in a similar manner 
with the stem of the Stock. In this case five rows of 
vascular bundles will be seen. 

48. — PRACTICAL WORK TO DETERMINE THE WORK 
DONE BY VASCULAR BUNDLES IN THE STEM. -Set 
a piece of the stem of the Deadnettle, from which not less 
than six leaves grow, in a glass of water which has been 
coloured red with eosin or red ink. Let it remain in the 
coloured solution for twenty-four hours. Now slit up the 
stem, and clear away the pith. The vascular bundles will 
be coloured a deep red. Why ? Because they are the 
channels along which water passes up the stem to the 
leaves. 

49. ™ PRACTICAL WORK TO ASCERTAIN THE 
STRUCTURE OF A WOODY STEM.-(i) Obtain a woody 
stem ; the ash or oak will do, and cut a piece from it at 
right angles to its length. Note that the central portion 
is of a different nature to the rest of the stem — the 
pith. On the outside of the stem comes a layer of bark, 
and inside this, numerous rings of wood can be seen. 
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The number of ring’s will depend upon the age of the stem. 
If the stem selected contains a number of rings, as in the 
thick stem of the Laburnum, two layers of wood can be 
distinguished. The external or newer portion is known 
as the sapwood, and the coloured or older portion forms 
the heart-wood. On the outside of the sap wood, and 
not clearly shown without a microscopic section, the 
growing layer will be seen. This layer by its growth 
produces the rings of wood. Examine the rings with care ; 
each one will be seen to be made up of two portions : 

(i) a light-coloured inner layer of some thickness, and 

(ii) an outer darker layer. The cause of the formation ot 
these layers is one which has been much discussed by 
botanists, and even yet, no satisfactory answer can be 
given to the question of why they are produced. But the 
result can be clearly stated. There is no doubt that the 
light-coloured layer of wood was produced in spring, and 
the darker one in summer and autumn. From the 
examination of the different rings, the kind of spring or 
autumn can be inferred from the thickness of the layers in 
each ring. In a good spring, a thicker layer of wood 
would be produced, but in a wet cold one a thinner layer 
than the average. A good growing year will be marked 
by a far thicker ring than during a bad one. ( 2 ) In passing 
through a wood-yard or where trees have been cut down, 
the characters of the rings of wood should be noticed, and 
the position of the pith. The pith is not always in the 
centre, and in some cases two piths can be found in a 
cross section of the stem. 

60.~PEACTICAI WORE TO ASCERTAIN THE 
STRUCTURE OF CREEPIHO STEMS.--.{i) Collect speci- 
mens of strawberry runners, and make a sketch to show the 
structure of a typical one. Note how the runner creeps 
over the surface of the ground ; roots and leaves being 
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produced at the nodes. (2) Obtain specimens of the Couch 
Grass, and find on one a stolon. The stolon creeps along- 
the surface for a short distance, when roots are pr'oduced, 
and from this point rises an upright stem. Such stems 
are procumbent, and die down each year. (3) If possible, 
obtain from a gardener a specimen of Echeveria which 
shows off-sets. Examine it, and note how the off-sets 
arise. Each off-set produces roots at its tips, and, the 
connecting portion dying off, a new plant is formed. 



I'lC, iS.— Runner of Ground-Ivy, showing roots at nodes. 


(4) Many other plants produce creeping stems, and in the 
field these should be noted. 

61.— PRACTICAL WORK TO ASCERTAIN THE 
STRUCTURE OE A BULB. — (i) Obtain the bulb of an Onion. 
Make a sketch to show its external features. Now cut it 
through lengthwise, and examine the freshly cut surface. 
Find the very short stem, from the base of which numerous 
roots arise, and the overlapping leaves. Some of the leaves 
are very thin, others are thick and fieshy. The latter 
contain reserve material for next year’s growth. Divide 
another bulb at right angles to the first division ; find 
the flowers and axillary buds. (2) In a similar manner 
proceed to examine the bulbs of the Snowdrop, Tulip, 
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and Hyacinth. The bulb is an underground stem, 
and it contains reserve material for the production of 
flowers; etc. 

52.-PEACTICAL WOEK TO ASCEETAII THE 
STEHCTUEE OF A COEM.— Examine the corm of the 
Crocus, and note its structure. The corm is an under- 
ground stem, and it differs from the bulb in the stem being 



Fig. ig.— Rhizome or undergroimd stem of the Flag or Iris, showing 
adventitious roots, and the leaves which are produced from the 
growing-point. 

larger and more solid. Make sections of the corm, and 
compare with those of the bulb already examined. 

53.™PEACTICAL WOEK TO ASCEETAIH HOW BULBS 
Am COEMS PEODUCE LEAVES AHB FLOWEES.- 
Obtain two glass vases and fill them with water. Place in 
one the bulb of the Tulip, and in the other a Crocus corm. 
Keep them warm and note their method of growth from 
week to week. What do stems produce ? What do the 
old stems contain ,when growth has ceased ? Why can 
they live on pure water? 
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54.-~PEA0TICAL WORK! TO ASGEBTAIl THE 
STRtJCTPRE OF A TUBER.— (i) Make a sketch of the 
tuber of a Potato, and mark on it the buds from whibh new 
stems will arise when growth commences. Cut through a 
tuber, and note the fleshy nature of its contents. (2) Place 
a number of Potato tubers in the dark ; keep them warm 
and moist. The buds develop, and new stems are pro- 
duced. (3) Examine a tuber of the Artichoke, and discover 
how it difl'ers from that of the Potato. 



Fio. 20. — Shoot of White Bryony, showing leaves and tendrils. 

55, —PRACTICAL WORK TO ASCERTAIN THE 
STRUCTURE OF A RHIZOME.— Select a piece of the 
rhizome of the Iris. This can often be found growing in 
damp ground, such as near streams, marshes, and even 
in gardens. Find on it the numerous roots, leaf scars, 
and growing-points. The stem is fleshy, generally light- 
coloured, and shows how leaves and roots are produced. 

56. — PRACTICAL WORK TO ASCERTAIN BY WHAT 
ORGANS PLANTS CLIMB.— (i) Select from the Clematis 
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or Traveller’s-joy a piece of the stem which shows sensi- 
tive leaf stalks. In this case the plant climbs byjhe leaf 
stalks, iDeing sensitive, and when they touch a support they 
move round so as to grip it tightly. Note the twisted 
leafstalks. (2) Obtain a piece of the stem of a Sweet 
Pea. Carefully examine a leaf, and note that the end is 
converted into a tendril. Tendrils are sensitive and move 
round in little circles. If they touch a support the move- 
ments continue until the object is tightly gripped. (3) 
In a similar manner examine a piece of Ivy, and note that 
the shady side of the stem produces numerous roots. The 
roots penetrate into the cracks in rocks, bark of trees, or 
between the bricks of a wall. They secrete a cement, and, 
as this dries, they become firmly united to the support. 
{4) Select a few stems of the Bindweed or Convolvulus, 
Note how they twist round each other or round a support. 
Such plants climb by means of twining stems. 

STEMS WHICH GROW IN THE LIGHT.— The stems 
which grow in the light can be arranged under different 
heads, according to their method of growth. The follow- 
ing illustrates this : — 

Kind op Stems. Examples. 

Creeping stems .... Strawberry, Couch Grass, and Eche- 
verias. 

Erect Herbaceous stems . Deadnettle, Galium, and Wheat. 

Erect Shrubby stems . . Gorse, Broom, Holly, and Hawthorn, 
Erect Woody stems . . . Oak, Ash, Elm, Sycamore, and Beech. 
Climbing stems .... Hop, Convolvulus, Bramble, Ivy'j'siand 
Honeysuckle. 

STEMS WHICH GROW IN THE BARK.— Numerous 
stems grow below the surface of the ground, and produce 
shdots and leaves which break through the soil to find 
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stems 

Kind of Stems. 

Examples. 

Bulbs . . . . 

Cornis . . . , 

Tubers . . . . 

Rhizomes . . , 

Tulips, Snowdrops, Hyacinth, and Lily. 

! Crocus and Meadow Saffron. 

Potato and Artichoke. 

Iris, Asparagus, Solomon’s Seal, and Herb Paris. 


WOODY STEMS.— -From the practical work done in 49 
we have seen that a woody stem possesses a certain 
structure. A layer of bark can be seen on the outside, 
and this protects the deeper parts from injury. The 
numerous rings of wood have been produced by an active 
growing layer which receives the name of cambhon^ and 
each year it produces a ring of growth. The age of the 
tree can be determined by counting the number of rings 
present in a cross section of the stem. Trees like the Oak 
may live for a thousand years, and if the annual rings are 
examined, it is possible to make out the kind of season for 
any given year. Stems do not grow equally all round, 
but one side often shovrs thicker rings than the other. 
This unequal rate of growth in the different parts of an 
annual ring may be due to one side receiving less light, or 
containing a less number of leaves. The amount of rain- 
fall for any given year may have a great influence on the 
size of the rings. 

KJIOTS IH TIMBEE. — ^The knots in timber have been 
produced by the dormant buds enlarging each year, so 
that in spite of the annual rings they keep their relative 
position towards the outside portion of the stem. When 
the stem is cut through lengthwise, the position of the 
dormant buds can be distinguished by the knots. Loose 
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knots are produced in a different way. If the branch of a 
tree is cut off in such a way that a considerable portion of 
the base is left protruding, as the main stem grows new 
rings of wood envelop it, and, when the timber is cut 
through, a loose knot is seen. The same result is pro- 
duced when a branch is injured. 

DIREOTIOlSr OP PEEVAILIHG WIND CAN BE OB- 
TAINED FROM TREES. — If the direction that trees bend 
is noticed for any district, the direction of the prevailing 
winds can be determined. They always bend ^iway from 
the point of the compass from which the winds usually 
blow. On the West Coast of Cumberland, all the trees 
point away from the sea, because the prevailing wind on 
this coast comes from the West, When the trees are 
without leaves, observations can be made even better 
than when in full leaf. 

STEMS AND THEIR DSES.— The following is a brief 
summary of the uses of stems : — 

(1) Stems support the leaves, and these are so arranged 
that they receive the maximum amount of light. 

(2) Stems connect the roots with the leaves, and through 
the vascular bundles which they contain the sap rises to the 
leaves. 

(3) Stems may climb round a support so as to expose 
their leaves and flowers to the action of light and air. 

(4) Stems may be adapted for the storing up of reserve 
material, for floating in water, and for obtaining food from a 
host plant 
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ROOTS AND THEIR FUNCTIONS 

BOOTS. — In working- through Chapter V, we noticed 
that as the radicle forces its way through the micropyle, 
it responds to the pull of gravity, and turns downwards 
towards the centre of the earth. The radicle of the bean 
becomes the main root of the seedling, and it produces 
branches. We have now to consider the structure of roots. 

57. — PBACTICAL WOBK TO ASCEBTAII3* THE KINDS 
OF BOOTS PBODUCED BY A BEAN SEEDLING.— Obtain 
a well-grown Bean seedling, and examine the roots. Find 
the main- or tap-voot^ and growing from it a series of 
secondary roots will be seen. The secondary roots grow in 
order on the tap-root, and the youngest one will be found 
near its apex. Now carefully examine the secondary 
roots : they produce smaller ones which are known as 
tertiary roots. The Bean seedling possesses three kinds of 
roots ,* these share out the soil, and so obtain nutritive 
materials. 

58. — PBACTICAL WOBK TO ASCEBTAIN THE KINDS 
OF BOOTS PBODUCED BY A MAIZE SEEDLING.— 

Select a well-grown Maize seedling. Now carefully 
examine the roots ; noting that the tap-root is very 
short, and from the stem and upper portion of the root 
numerous other roots grow. Do these roots grow in 
regular order ? No, Such roots are known as adventitious. 
The tap-roots of all grass-like plants remain short, and 
instead of secondary roots being produced as in the bean, 
only adventitious ones are formed. 

59 
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69.— PHACIICAL WOEK TO ASCEETAIS WHEEE 
EOOT-HAIES GEOW.— (i) Germinate a few seeds of 
Buckwheat in sawdust. Now select one, and note that 
just behind the growing-point numerous hair-like bodies 
appear. Place the root in a glass of water, the root-hairs 
are floated out so that their arrangement can be clearly 
seen. (2) Compare with those on a Mustard seedling. 
(3) Now examine the roots of the Bean and Maize seed- 
lings, and find the root-hairs. Compare the position in 
which they grow with those of the Mustard and Buck- 
wheat seedlings. When seedlings are grown in soil, 
numerous particles cling to the root-hairs. 

60. --PEACTICAI WORK TO ASCERTAIN THE 
STRUCTURE OF ROOT-HAIRS. — Mount a single seed- 
ling of the Buckwheat in water, and examine the roots 
with a hand lens or microscope. Each root-hair is an 
outgrowth of the epidermis or piliferous layer of the root, 
and it consists of a single cell. The root-hairs are able to 
pass in between the particles of the soil, and this brings 
the plant into intimate relation with the food materials in 
the soil. 

61. — PRACTICAL WORK TO SHOW THAT ADVEN- 
TITIOUS ROOTS GROW ON STE]!IS.-(i) From an old 
Geranium plant remove a branch which is not less than 
six inches in length. Cut the end diagonally, and just 
below a node. Set it in garden soil. At the end of a 
month, carefully remove the cutting, and note that from 
the node adventitious roots arise. (2) In a similar manner 
take a cutting from a Fuchsia, and let it grow for a 
few weeks. Remove and examine. What results do you 
obtain ? (3) Place a few pieces of watercress in a glass 
vessel containing water. Note~roots appear at the 
nodes. (4) Cut from a Willow a few twigs, and set 
them in water. Note where the roots aonear. As a 
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general rule, they appear at the nodes, and are said to 
be adventitious. 

62 . — PRACTICAL WORK TO ASCERTAIl' THE 
CHARACTERS OF ROOTS. — (i) Obtain and examine 
the roots of a Grass plant. Compare with those of the 
Maize or Wheat. (2) Examine the roots of the Turnip, 
and note that the main root is swollen. (2} It is said 
to be napiform, because of its shape. From the swollen 
root, branches grow — the secondary roots. (3) In a 
similar manner examine the roots of the carrot and 
parsnip. Swollen roots are modified to store up reserve 
materia], and this is used for the production of flowers and 
seed during the second year of growth. 

63. — PRACTICAL WORK TO SHOW THE CHEMICAL 
CHARACTERS OF ROOTS.-(i) Moisten a piece of red 
litmus paper and place it against the roots of a plant 
which has just been removed from the soil. There is no 
action. It is evident that the root is not alkaline, for 
alkaline substances turn red litmus blue. Now try a piece 
of blue litmus paper which has been moistened. The blue 
colour is changed into red. This shows that the roots are 
acid. (2) Try the reaction of the roots of a Mustard seed- 
ling which has been germinated on sawdust. (3) Fill a 
tumbler with a weak alkaline solution of litmus and set 
the roots of a seedling in the glass. What is the result ? 

64. — PRACTICAL WORK TO SHOW THAT PLAHTS 
APPROPRIATE FOOD FROM THE SOIL.-(i) Pass some 
water through a quantity of garden soil, and evaporate 
some of it to dryness in a porcelain or glass dish. Note 
that a residue is left. (2) Test the water with a piece of 
blue litmus paper. Is the water acid? (3) Let the roots 
of a bean seedling dip into some of the water which has 
passed through the soil. (4) Set another seedling in pure 
water in a bottle. Allow both seedlings to grow under 
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similar conditions. Compare results. Which plant grows 
the best? 

66 —PRACTICAL WORK TO SHOW THAT ROOTS CAH 
DISSOLVE SOME OE THE CONSTITUENTS IN THE SOIL.— 
Obtain a piece of marble four inches square, and rub it on 
a piece of flag-stone so as to polish the surface. Place it 
in a box, and cover with soil. Set a bean seedling in the 
soil, and let it grow for six weeks. Remove the soil. A 
tracing of the roots can be seen on the slab of marble. 

66.~-PRACTICAL WORK TO ASCERTAIN WHAT SOIL 
CONTAINS. — (i) Dissolve a little diphenylamine in some 
water, and add a few drops of sulphuric acid. Keep 
ready for use. (2) Now place a single crystal of salt- 
petre (nitrate of potash) in some water. Add to it a few 
drops of the diphenylamine solution, and a little strong 
sulphuric acid. It turns red. {3) Pass a little water 
through some garden soil, and to some of the water add 
a few drops of diphenylamine solution, and sulphuric acid. 
What is the result? Good soils contain in addition to 
ordinary minerals, substances like saltpetre. 

KINDS OF ROOTS.— Plants produce roots, and these 
can be divided into: — 

(1) Primary roots. The main- or tap-root is formed from 
the radicle of the embryo. In woody dicotyledons it is 
long, thick, and strong, but in the monocotyledons very 
short. 

(2) Secondary roots. The secondary roots are branches 
of the primary roots, and they are produced in regular 
order. 

(3) Tertiary roots. Branches grow in all directions from 
the secondary roots, and they pass in between the particles 
of the soil. These are the tertiary roots. 

(4) Adventitious roots. The adventitious roots grow 
from stems, roots, and leaves. 
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(5) Roots adapted for special work. The swollen roots of 
the turnip, carrot, and parsnip act as reservoirs lor the 
storing\ip of material for future use. Those of the ivy 
enable it to climb, and so support its leaves. 

ROOT-HAIRS. — On all the newer portions of land roots 
fine outgrowths can be seen, these are known as root- 
hairs. Each root-hair consists of a single cell, and il can 
enter a very small opening in the soil. By the action of 
the root-hairs some of the water and the nutritive matters 
in the soil pass into the plant, 'fhey die oil’ on the older 
portions of the roots, because the piliferous layer is 
replaced by a thicker covering. 

WHAT ROOTS CAH BO.— Roots perform very useful 
work, and well-developed ones give their po.sscssors a far 
better chance in the struggle which goes on in the soil ibr 
the food supply. The following gives an outline t>r the 
useful work which roots perform : — 

(1) Roots penetrate the soil, and obtain such a good grip 
of it, that plants are firmly fixed In position. This is well 
shown when we consider the case of many of our forest 
trees. The Major Oak, for instance, with its wide-spread 
branches and the immense W'cight of leaves, is suppt>rted 
by its roots. This is true of all plants, both herbs, 
shrubs, and trees. 

(2) Plants take from the soil by means of root-hairs, 
and newer portion of the roots, water wdiich contains 
minerals in solution. The primary, secondary, and ter- 
tiary roots w'ork all parts of the soil for food. To enable 
them to perform all this work to perfection, they must be 
supplied with plenty of air, so that the oxygen necessary 
for their existence can be obtained. That roots do absorb 
substances from the soil, is well illustrated by some of the 
experiments which we have performed. 

(3) Roots can not only absorb material, but the acid sap 
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which they give out can render some of the mineral matter 
of the soil soluble (Experiment 65). 

(4) The adventitious roots of the Ivy, and similar plants, 
are used for climbing. Many tropical plants which have 
no connection with the soil are entirely supported by 
adventitious roots which fix them to other plants. Such 
plants are known as epiphytes. 

(5) Swollen roots store up reserve food for the future 
use of the plant. As a rule plants with such roots live 
two years. During the first year they store up food, and 
this is used up during the second year for the production 
of flowers and seed. 
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LEAVES. — Most persons have examined the leaves of 
window plants, or those which form the head of a cabbage, 
and must have noticed that they are flat and green. We 
will now consider the way in which leaves grow on the 
stem, and their structure. 



Fig. 21. — Cordate leaf 
of Ground Ivy. 



67 .-PEACTICAL WOEK TO ASCEETAIH HOW 
LEAVES GEOW OH STEMS.—Collect specimens of the 
Stock, Deadnettle, and Galium. Examine them with 
care, 'and in the order given above. 

(i) The leaves of the Stock are arranged in five rows 
on the stem, and in such a manner that no two leaves are 
5 ^5 
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at the same level. Such an arrangement of the leaves on 
a stem may be called alternak. (2) The leaves* of the 
Deadnettle grow on the stem in four rows, and in such a 
manner that two leaves face each other. Botanists speak 
of such an arrangement as oj'posiie. Note the position of 
the pairs of leaves, they are fixed to the stem at right 
angles to each other— which means ‘ T cut across. ” 
(3) The leaves of the Galium differ from both those of the 
Stock and Deadnettle, for a number grow at one level. 
How many leaves grow at one node depends upon the 



Fig. 2j.—0vatu leaf of Guelder-rose. Fig. 24.— Lanceolate leaf 

of Lily-of-thc- Valley. 

kind of Galium selected for study, for the number may 
vary from four to eight. Such an arrangement is known 
as whorkd. More complicated arrangements can be found, 
but those which we have examined are the common ones, 
68.-PBA0TICAI WOBX TO PISCOVEH HOW GREEN 
LEAVES ARE ARRANGED WHEN EXPOSED TO LIGHT. 
— (i) If a Castor-oil plant is available, set it on a window 
sill, and examine the position of the leaves several times 
a day. They will be found to occupy different positions 
at different periods of the day. Why? Notice the 
direction in which the light enters the window or falls on 
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the leaves. The}:' will be seen to expose the thin green 
portion (blade) at right angles to the direction in which 
the light strikes the leaves. The leaves form a mosaic, 
and one leaf never shades the light from another. (2) 
Examine the position of the leaves of other window plants 
when exposed to light. They also arrange themselves in 
a similar manner. (3) Note the position of the leaves of 
the Ivy when growing on a wall. All the leaves turn 
towards the light ; and form a mosaic. (4) The student 




Fin. 26. — tDval leaf of Snowberry. 


should on the very first opportunity make observations on 
the position of the leaves of various plants when growing 
in hedgerows, gardens, and fields. In all cases, the 
position of the leaves bears a certain relation to the 
direction of the rays of light. 

69.— PEACTICAI WOEK TO ASCEETAIE THE PAETS 
PEESEHT IE A TYPICAL EOLIACE LEAP.— (i) Obtain a 
Wallflower plant, and examine the leaves. Each leaf will 
be seen to consist of a flattened portion which is fixed by 
its base to the stem. The leaf is made up of only a 
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blade, and it does not possess a stalk. (2) In a similar 
manner examine the leaf of the Fuchsia. It is composed 
of a blade, and this is connected to the stem by a stalk ~ 
the peiiok, (3) If the leaf of the Sycamore or some similar 
plant can be obtained, examine it, and note the parts 
present. The largfc lobed blade, with the stalk or petiole 
which is fixed to the stem by a broad portion — the sheath '. 
All leaves which possess blade, petiole, and sheath, can 
be said to be pa^ect If any of these parts are absent, 
the leaf is imperfect. (4) The student should examine as 



Fk;. 27.— Divided leaf of Cyclanthera. Fig. 28.— Hastate leaf 

Orache. 


many leaves as possible, to discover the parts present in 
each leaf. 

70.-PMCTICAL WORK TO ASCEETAHT THE AP- 
PEARANCE OP THE VEINS OP FOLIAGE LEAVES.- 

(i) Examine the leaf of a Fuchsia, and note the structure 
of the blade. There will be seen running up the centre of 
the blade a well-developed midrib, and from this a series 
of branches arise; these branch again, so that the soft 
parts are supported by a series of very minute veins. The 
veins of the leaf received that name because they were 
supposed to be hollow, and fluids circulated in them as in 
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the veins of an animal. This idea has been shown to be 
erroneo'js, but the sap does pass along them to the soft 
portions of the leaf. The leaf is generally green, and the 
margin may be serrated, entire, crenate, or possess spines. 
The lower surface of the leaf is of a pale green colour, 
and the upper dark green. 

(2) Obtain the leaf of the 
Sycamore. Examine it, 
note that the leaf is lobed, 
and that a series of veins 
arise at the base of the 
blade and pass along the 
different lobes. From 
the main veins branches 
arise, as in the Fuchsia, 
so that a regular network 
of fine veins penetrate 
the whole of the blade. 

(3) In a similar manner 
examine the leaf of the 
White Lily, Tulip, or 
Hyacinth. Note that 
numerous veins run 
parallel from the base to 
the apex of the leaf, and 
that very fine branches 
connect the parallel veins 
together. All the leaves which grow on the higher plants 
can be divided into two kinds, as reticulated-veined, and 
parallel-veined. The former is well illustrated by the 
leaves of the Sycamore and Fuchsia, and the latter by 
those of the Lily and Hyacinth. 



Fig. 29. — Compound leaf of Scarlet 
Runner. S, blade with three leaflets ; 
sf, stalk or petiole ; leaf base ; 
«, stipule; A, node from which the 
leaf grow s. 


71. -PRACTICAL WORK TO ASCERTAIN THE DIEEER- 
EICES BETWEEl SIMPLE AND COMPOUND LEAVES.— 
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(i) Obtain leaves of the Clover, Wood Sorrel, and Sweet 
Pea ; examine them. Both the leaves of the Cl6ver and 
Wood'Scrrel are made up of three leaflets, so that they 
differ from any we have previously examined. Each leaf 
is said to be compound, because the blade is divided into 
three divisions. This is also true of the leaf of the Sweet 
Pea, only the leaflets are more numerous, and the midrib 
is converted into a tendril. ( 2 ) Examine the leaves of 
the Fuchsia, Sycamore, and White Lily. Each leaf is 



Fui. 30.— Compoui^d leaf 
of Rose, stf stem ; 

«, stipules. 



Fig. 31 Lohed leaf of Mina 
Lobata, 


composed of one piece, and forms a simple leaf. All 
leaves can be divided into two series, as swij>le and 
compound, 

72.-PMCTI0AI WOEK TO SHOW THE TTSE OF THE 
VEIHS IH A LEAF.~~(i) Select pieces of the stem of the 
Deadnettle which carries a number of leaves. Set one 
piece in a glass of water, and with a pair of scissors cut 
through one of the midribs near the base of the blade» 


LEAVES 


71 


Make observations of the result which arise to the leaf of 
the midrib being cut through, and compare with the 
uninjured leaves, (a) Place another piece in a glass of 
water which has been coloured red with eosiii or red 


ink. Does the coloured 
solution stain the veins 
of the leaf? What 
conclusions do you 
draw from the above 
experiments ? 

73. — PRACTICAL 
WORK TO SHOW THE 
COHHECTIOM SE- 
TWEEH VASCULAR 
BUBBLES OF THE 
STEM AHB THOSE OF 
THE LEAF.™(i) Ob- 
tain a well-grown plant 
of the White Dead- 
nettle, and divide it 
lengthwise through the 
stem. Clear out the 
pith, and trace the 
vascular bundles of the 
stem and leaf. Each 
one bends outwards at 
the node, and joins on 
to those of the leaf. 



s\ sp \s 
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Fig. 32. — Epidermis of Itelleborus, showing 
stomalu. A, in section ; B, in surface 
view ; /, epidermal cells ; t’, cuticle ; 
Sp, stoma ; ss, guard cells ; a, air- 
chamber ; cl, mesophyll, or middle por- 
tion of leaf. 


( 2 ) Examine in a simi- 
lar manner the stem used in 72 , and note that the whole of 


the bundles of both the stem and leaves are stained red. 


. 74.— PRACTICAL WORK TO SHOW THE STRUCTURE 
OF EPIBERMIS OF LEAF. — Obtain a leaf of the Hyacinth 
or Lily, and examine the epidermis, as the surface skin is 
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called. Bend the leaf over the finger of the left hand, so 
that the under side of the leaf is upwards. Now, with a 
knife raise the surface skin, and pull off a small piece. 
Mount it in a drop of water on a glass slide, and examine 
with the hand lens or microscope. Numerous openings 
which look like little mouths will be seen, these are the 
stomata (Fig. 32). 

75. ~PBACTICAL WORK TO ASCEETAIN THE STRTTC- 
TTTREOE a leap. — P lace a few leaves of the Box in a five 
per cent, solution of caustic potash, and boil for fifteen 
minutes. Empty into a basin, and dissect one leaf. 
The upper and lower epidermis can be removed, and 
a middle piece remains. This contains the veins. Mount 
the various pieces in water, and examine with a hand lens 
or microscope. 

76. -~PRACTICAI WORK TO ASCERTAIN THE 
STRUCTHRE OP A SKELETOH LEAP.— (i) Search the 
bottom of a ditch for a rotten leaf, and note that the only 
portions left consist of the veins. (2) Fill a dish with 
water, and add to it a few drops of hydrochloric acid. 
Place a few leaves in the water, and set on a window sill. 
Change the water every week, and, at the end of a few 
weeks, all the soft parts have disappeared —only the 
veins have been able to resist the action of the water 
and acid. 

ABJMGEMEHT OP LEAVES OH STEMS.— Leaves bear 
a definite relation to the stems on which they grow. In 
the Deadnettle, the square stem carries four rows of leaves, 
and two leaves grow at one node. This prevents the upper 
leaves from shading the light from those below. Both the 
Stock and Wallflower possess five rows of leaves, and the 
alternate arrangement spreads them out with the same 
result. The Galium, with its whorled leaves, also separates 
them, so that each one will receive a due share of light* 
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It is evident that the arrano'ement of leaves on a stem 
must conform to certain general rules, and these will 
depend upon the distribution of the vascular bundlee in the 
stem. 

STBUCTUEE OF LEAVES. — A leaf is generally thin, and 
it exposes a larger surface to light and air in propor- 
tion to bulk than stems. If stems are used for support, 
leaves must be built to expose a large surface to the 
action of light. A perfect leaf consists of an expanded 
portion, the blade, a stalk or petiole, and a sheath 
which clasps the stem. In the Wallflower, both the 
sheath and petiole are absent, and the leaf is said to 
be sessile. If the blade and petiole are present, the 
leaf is petiolatc. 

EETICBIATE ANB PAEALLEL-VEIHEB LEAVES.-- 
All leaves naturally fall into two classes, the reticulate and 
parallel-veined. The former belong to a group of plants 
which have the parts of the flower in fours or fives, and 
the embryo possesses two seed-leaves. Such plants are 
said to be Dicotyledons because of the two seed-leaves. 
The parallel-veined leaves belong to a different group of 
plants. Along with such leaves the parts of the flowers 
are in threes, and only one seed-leaf is present. Such 
plants are said to be Monocotyledons ^ because of the single 
seed-leaf. 

MIHUTE STEBCTUEE OE BLABE OF LEAF.-The blade 
of each leaf consists of an upper and a lower epidermis, 
and between these comes a portion which is known as the 
fnesophyll^ or middle of leaf. The lower epidermis is made 
up of a single layer of cells, and between certain cells 
minute openings can be seen —the stomata. The upper 
surface is also built of a single layer of cells, and in certain 
cases stomata may be present. Over the surface of the 
epidermis a thin layer is converted into a cuticle^ and this 
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prevents the entrance of water into the leaf. Hairs may 
be present on leaves, and these, along with a waxy coating- 
have toclo with the protection of the leaf from water and 
foes. On examining the middle portion of the leaf, it will 
be found to be composed of an upper palisade, and a 
lower spongy layer. Between these layers of cells, the 
veins are arranged. The colour of foliage leaves is 
due to a green substance which is known as chlorophyll^ or 
leaf-green. 

SHAPES OF LEAVES. — The size of a leaf depends to a 
very great extent upon the position in which the plant 
grows. If plants grow where they are exposed to strong 
winds and violent storms, the leaves will be small ; on the 
other hand, plants which grow in sheltered places have 
large leaves. The student should make out the shapes of 
leaves, and try and correlate this with the positions in 
which the plants grow. The figures given in this Chapter 
will help the student to identify the shapes of leaves, 
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THE FUNCTIONS OF LEAVES 

GEEEl THE PREVAIIIIG COLOUE OF PLANTS. —A 
walk along a country lane or through a meadow will be 
siifjicient to show that green is the prevailing colour in 
plants. Leaves, herbaceous stems, and in some cases the 
coverings of flowers are green. Even the brown and red 
sea-weeds which grow along the sea shore, contain the 
same kind of colouring matter as the leaves of land plants. 
We will now consider why green is the principal colour 
found among plants. 

77. ~PItACTICAL WOBK TO SHOW THAT THE OEEEN 
COLOITEING MATTEE IN LEAVES CAN BE EEMOVEB.— 
Obtain some fresh green Cabbage leaves, and place them 
in methylated spirits. Examine them at the end of 
twenty-four hours — most of the green colour has dis- 
appeared. Now place some of the spirits in a glass 
vessel, and examine the solution (i) by allowing the light 
to pass through it, (2) by reflected light. In the former 
case it appears green, and by the latter red. The green 
colouring matter is known to botanists as chlorophyll, 

78. -~PEACTICAL WOEK TO ASCEETAIN HOW THE 
CHLOEOPHYLL EXISTS IN OEEEN LEAVES.-~(i) If 
possible, examine a section of a green leaf with the aid of 
a microscope. In the cells of the leaf, there will be seen a 
number of green granules — chlorophyll gramiht (Fig* 33)* 
Each granule consists of a small piece of the living 
substance of the cell, and this holds chlorophyll in the 
same way as a sponge holds water. (2) In a similar 
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manner, examine a section of a leaf which has been kept 
in methylated spirits for some time. The granules present 
‘ in the cells of the 

® leaf will be colour- 
less. This shows 
that the chlorophyll 
can be dissolved 
out of the granules, 
and that it is soluble 
in alcohol. 

CHLOROPHYU. 
— The green colour- 
ing matter of plants 
is known as chloro- 
phyll, or leaf-green, 
and it is soluble 
in alcohol. If the 
solution is seen by 
transmitted light, it 
gives a beautiful 
green colour, but 

, , , , „ when viewed by re- 

FlG. 33.— Chloroplasls, or chlorophyll cor- « j r . .. j 
puscles. Ai section of cells; jff, surface hght a deep 

view of cells. red colour. The 


Fig. 33.— Chloroplasls, or chlorophyll cor- 
puscles. Ay section of cells; By surface 
view of cells. 


property of a sub- 
stance which enables it to give different colours accord- 
ing to how it is viewed, receives the name of fluorescence. 
Such a solution possesses the power of absorbing certain 
rays of light, and these are converted into heat and 


energy. In most cases, the chlorophyll is in the form of 
granules, but in some of the sea-weeds it will be found in 
bands. For the production of chlorophyll, iron must be 
obtained by the plant ; but strange to say, on analysis, no 
iron is found in the chlorophyll. It seems that the iron 
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enables the necessary chang-es to go on in the plant for its 
production. The plant must be grown in the light for the 
production of the green colour. In Experiment *28, the 
seedlings grown in the dark were pale in colour, but those 
in the light contained chlorophyll. There are a few excep- 
tions to the general rule stated above ; for instance, the 
cotyledons of Pine seedlings are green even when grown in 
the dark. We will now consider the functions of the chloro- 
phyll in combination with the living substance of the plant. 

79.~PEACTICAL WORK TO SHOW ONE EUNOTION 
WHICH 0REEN LEAVES PERFORM.-(i) Obtain from 
a gardener a young Cabbage plant, and set it in a large 
plant-pot. The following experiments can be performed 
when it has got fairly established. (2) Place the plant in 
the dark for twenty-four hours. Now remove a leaf, and 
place it in boiling water for a few minutes. Remove the 
leaf from the water, and place in methylated spirits for 
some time. This dissolves out the chlorophyll. (3) Take 
a piece of tinfoil which will cover one of the leaves, and 
cut out of it the words STARCH PRINT. Now fasten the 
tinfoil on one of the Cabbage leaves by means of strips of 
gummed paper. This must be done so that ‘ ‘ starch print ” 
is fully exposed to the light. Set the plant on a window 
sill, so as to expose to bright light for a few hours. Now 
remove the leaf and place in boiling water. Remove the 
tinfoil, and bleach in methylated spirits. (4) Place both 
leaves in a dish, wash in distilled water, and pour on them 
some iodine solution. There will appear on the one which 
has been exposed to light the words in blue — starch print 
On the other hand, the leaf which had been removed after 
being in the dark for twenty-four hours will not show any 
blue colour. Why did the portion of the leaf exposed to 
light turn blue with iodine solution? We will try and 
discover why. 
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80.— PEAOTICAL WOBK TO ASCEETAIl WHAT S¥B- 
STAICE IODINE SOIITTION TTJENS BLUE.— (i) Place a 
small pfece of lump sugar in a glass, and pour over it a 
little iodine solution^ It does not give a blue colour. 



Fig. 34. —Starch grains from the Tuber 
of Potato. A, simple grain; BCDE, 
compound grains ; ab^ jmng simple 
grains ; r, compound grains. 


(2) Try a piece of 
starch. A deep blue 
colour is the result, 

(3) Cut a slice from a 
potato, and pour on it 
a few drops of iodine 
solution. Result — the 
potato turns blue. The 
potato must contain 
starch. (4) Perform a 
similar experiment, 
using a piece of bread. 
The result is the same. 
What conclusions do 
you arrive at from the 
above experiments ? 

81.— PEACTICAI 
WOEKTOASCEETAIN 
THE NATDEE OF 
STAECH.— (i) Cut a 
slice from a potato, 
and scrape the surface. 
Place some of the 
scrapings in a drop of 
water on a glass slip. 


Cover with a cover glass, and look at it with a microscope. 


A large number of bright-looking bodies will be seen — 


these are starch grains. They are shaped like cockle-shells. 


^ The iodine solution can be made by dissolving two grammes of 
iodine of potassium in 100 c.c, of water. Add a few flakes of iodine 
until no more can be dissolved. Now dilute with water so that it is 
the colour of sherry. 
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300 diameters, the starch 


If the microscope will magnify 
grains will present a 
striated appearance. 

Figure 34 will make 
this clear. {2) Boil a 
little starch in some 
water. It forms a 
starch paste. Try and 
dissolve some starch in 
cold water. Starch is 
insoluble in cold water, 
but a little dissolves 
when boiled. (3) Add 
to a little of the starch 
paste a few drops of 
iodine solution — a deep 
blue colour is the result. 

STAECH.— From the 
above experiments it is perfectly clear — 

(1) That when a green leaf is exposed to light starch is 

produced. 

(2) That iodine solution turns starch blue. 

(3) That starch is composed of microscopic particles which 

receive the name of starch grains. 

(4) That starch is not soluble in cold water. 

(5) That a little starch is dissolved in boiling water. 

COMPOSITION OP STAECH. — From analyses which have 

been made by chemists it has been discovered that starch 
consists of the elements carbon, hydrogen, and oxygen. 
The proportions in which these elements, as they are 
called, exist in starch will be found below : — 



Fig. 35. — Section of Pea seed, sboning 
cells with starch grains in position. 


Carbon = 6. 
Hydrogen = 10. 
Oxygen = 5. 
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82. ~PBACTICAI WOEK TO ASCEETAIN TEOM WHAT 
STTBSTAHCE IN AIR STARCH IS FORMED.— (i) Plant 
two Bean seedlings in plant-pots, and when they are firmly 
rooted perform the following experiments : — (2) Set one 
plant on a plate and cover it with a bell-jar. Place under 
thejarasmall cup containing a solution of caustic soda. 
This will absorb one of the gases in the air which is 
known as carbon dioxide. Expose the plant for a few days 
to bright sunlight. (3) The other plant must be exposed 
to the same amount of light, but it must tiot be covered. 
(4) Remove a leaf from each plant. Place in boiling water ; 
decolourise in methylated spirits; and treat with iodine 
solution. The leaf from the plant under the bell-jar does 
not turn blue ; that from the normal grown plant gives the 
reaction of starch. It is evident from the above experiments 
that the starch is formed from the carbon dioxide in the air. 

83. — PRACTICAL WORK TO ASCERTAIN WHAT CAR- 
BON DIOXIDE CONTAINS, — (i) Burn a piece of starch in 
a test-tube until it is converted into charcoal. Empty 
some of the air out of the tube into another one which 
contains a little lime-water. Shake ; the lime-water turns 
milky. This is a common test for carbon dioxide. (2) Burn 
a little sugar in a similar manner. Test the air in the tube 
with lime-water. Carbon dioxide is present. This shows that 
carbon dioxide is produced when substances which contain 
carbon are burnt in air. The carbon dioxide contains ; — 

Carbon = 1 f Chemical \ 

Oxygen ~ 2 t formnla / “ 

84— PRACT ICAL WORK TO SHOW HOW AIR IS STTP- 
PLIED WITH CARBON DIOXIDE.— (i) Place a little lime- 
water in a test-tube, and by means of a glass tube breathe 
through the solution. It turns milky. Carbon dioxide 
must be given out when we breathe. (2) Burn some dry 
leaves. Test the smoke for COj. Result — lime - water 
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milky. Carbon dioMiclo is s^’iwn oui wben arimai^ breaLlio, 
and it is produced by tl-.c combustion oi ad substances 
wbici; contain carbon. 

COXEITICl^S EOE TS 0 ? STAECII.- 

The starch found in plains is produced by the activity of 
the living chlorophyll granules. To enable them to per- 
form this useful vccrk, the}' must be supplied with light, 
and work at a certain lemperalure. It is clear from Ex- 
periment 79 that this work cannot go on in the dark. The 
following summary will ijlustrate the ccnditions necessary 
for the formation of starch in the green parts of plants : — 

(1) The gi’seii plant :m.st ba exposed to light 

(3) Tile green plant must be at a teraperature of a few 
degrees above the freezing point. 

(3) The green plant must be supplied with air, so that it 
can obtain carbon dioxide. 

(4j The green plant must be supplied with water. 

85.~PBA0TICAL WOBK TO ASCEBTAIlff HOW STABCH 
CAH BE RENDERED SOLDBIE.— ( J ) Take a little starch 
paste, and place in a test-tube. Add u few drops oi iodine 
solution, it turns blue. Collect a little saliva from your 
own mouth, and add to the starch paste. Set the tube 
in a basin of water at the leniperraurc of the body. In 
one hour the blue colour will disappear, and the solution 
becomes very thin. This shows that saliva will change 
starch into another material. What is this material ? 
(2) Dissolve a little grape or malt sugar in water, add 
to it a little Fehling’s solution. Boil. A deep red colour 
is produced. This is a lest for grape sugar. (3) Boil a 
little starch paste with Fehling’s solution. There is no 
result. (4) Boil some Fehling’s solution with a little of 
the contents of the tube used in No. t. It gives a deep 
red colour. This shows that the starch was changed into 
sugar by the saliva. (5) Grind up a little malt, and cover it 
6 
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with a little milk-warm water. Let it stand for a few hours. 
(6) Now add to some starch paste a little of the extract of 
malt dbtained in No. 5. Keep at temperature of the 
body for an hour. Test with Fehling’s solution, sugar 
is present. 

HOW STAECH IS CHANGED INTO SUGAR.— Seeds 
contain a substance which changes starch into sugar, and a 
similar change can be produced by saliva. How does sugar 
differ from starch ? Grape sugar contains the same elements 
as starch. The following table illustrates the difference : — 

Cfirbon. Hydrogen. 0::ygen. 

Starch . . 6 10 5 

Grape sugar .6 12 6 

This shows that the only difference is that the grape 
sugar contains a little more hydrogen and oxygen— in 
fact, the same amount as exists in water. The addition 
of water to the starch will be sufficient to change it into 
grape sugar. Most parts of plants contain a ferment 
which can produce this change. 

STARCH A RESERVE MATERIAL.— Starch is stored 
up in seeds, stems, and roots for future use. When the 
embryo in an albuminous seed begins to grow, the ferment 
present changes some of the starch into sugar, and this 
passes into the embryo. The young plant lives on the 
substances stored up in the seeds. Experiments 79 and 
82 prove that starch is formed in green leaves, Such 
starch is converted into sugar, and removed from the 
leaf. From these considerations, we come to the conclu- 
sions that starch is formed by the green portions of a 
plant, and this when changed into sugar feeds the plant. 

SUGAR. — ^The first substance which a green plant forms 
out of carbon dioxide and water is sugar, and this is sub- 
sequently converted into starch by the action of the 
chlorophyll corpuscles and other similar structures. 
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PLANTS AND THEIR FOOD 

PIAITS Am THEIE EOOB.—h is reiisonabie to sup- 
pose that those plants which have their roots iixed in the 
soil, will obtain the water and minerals required for their 
growth from the medium in which they live (Experiment 
64). This will hold good for most plants which live in 
the soil, but there are exceptions to this rule, for numerous 
plants have special means of obtaining food. This enables 
botanists to classify plants into classes according to the 
peculiarities which they exhibit in searching for, and ab- 
sorbing nutritive materials. The outline classification 
given below will illustrate the different classes into which 
plants can be naturally divided by this means. 

CLASSIFICATION OF PLANTS BASEL ON METHODS 
OF OBTAINING FOOL. 

(1) Land plants, which live in the soil 

(2) Water plants, which live in the water, 

(3) Amphibious plants, which can live either in or out of 
water. 

{4) Rock plants, wdiich live fixed to rocks. 

(5) Parasitic plants, which live in or on a host plant. 

(6) Saprophytic plants, which live in decomposing or- 
ganic matters. 

(7) Carnivorous plants, which obtain some of their food 
from small animals w^hich they entrap. 

(8) Symbiotic plants, where two plants live together, and 
form one individual. 
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LAND PLAHTS. — We will now proceed to find out how 
land plants obtain the carbonaceous food, water, and 
minerjfls they need for their full development. 

CARBOMACEOUS POOD. — In working- through Chap- 
ter X, we noticed that green plants take from the air 
carbon dioxide, and use it to form sugar and starch. The 
green foliage leaves are the principal organs by which 
plants collect their carbonaceous food, as the carbon 
dioxide may be called, and this passes in by the stomata. 
Even though the carbon forms nearly one-half of the dry 
weight of a plant, there still remains the mineral matter 
and water to account for. 

WATER. — There is no great difficulty in accounting for 
the water which a land plant requires for its growth. It 
can be stated that nearly the whole of the water which a 
plant absorbs comes from the soil. Most of this reaches 
the soil in the form of rain, and a smaller portion as dew 
and snow. In many parts of the world rivers overflow 
their banks, and by this means supply tlie soil with much 
of the water they contain. The people who live in certain 
districts imitate the action of rivers by constructing 
channels along which they allow water to flow, and by 
irrigation, as it is called, several crops can be obtained 
from one plot of land during a single season. 

MATERIALS IBT SOILS. — ^The student should turn back 
to Experiments 64, 65, and 66 to ascertain what soils con- 
tain. In addition, it can be said that the soil is the raw 
material from which plants obtain water and minerals. 
We will now proceed to more thoroughly examine the soil, 
and its work in connection with plant life. 

86.-PRACTICAL WORK TO ASCERTAIN WHAT SOILS 
ARE COMPOSED OP.— (i) Obtain a quantity of good 
garden soil, and examine it This can be done by pass- 
ing some of it through a coarse sieve so as to separate 
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the larger pieces. If a still finer sieve, or better still a 
series cf sieves of different sizes can be obtained, the soil 
can be separated into grades which are characterfeed by 
the size of their particles. By this method it will be seen 
that good garden soil consists of small stones, the remains 
of the roots and stems of plants, and very hue material. 
(2) Place some of the finest material in a glass of hot 
\rater. Stir well, and let it stand for five minutes. Now 
pour oil the water into another glass. Note that some of 
the finest material is suspended in the water. Repeat the 
washing until the waTer which is poured off is quite clear. 
If the soil is washed several times there will remain behind 
in the tumbler onhv very small stones and sand. (3) jPer* 
form similar experiments, using sand, c;ay, lime and 
vegetable soil. 

Iroiii the observations made in performing the above 
experiments, it will have been noticed that soils contain, 
as a general rule, the following ingredients 

Stones. Yegetable matter. Clay. 

Sand. lime. 

87 .— PRACTICAL WORK TO ASCERTAIN THE CHAR- 
ACTERS OE THE ABOYE IHGREBIEHTS.-{i) l\Iould a 
little ordinary sand with water, and set on one side to dry. 
(2) In a similar manner treat some modelling clay. Examine 
them when dry, and note that the sand is very friable or is 
easily broken, but the clay is hard and requires some force 
to break it. {3) Now mix equal quantities of sand and 
clay together, and mould into a block witli the aid of water. 
Allow the block to dry. The clay will be seen to unite the 
sand, or to act the part of a cement. (4) Try and mould 
the stones into a block as in No. i, and with clay as in 
No. 3. How do they act? (5) Dry, and burn some of 
the vegetable matter which was separated by the coarse 
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sieve from the garden soil. A fine ash will form the 
residue} for nearly all the constituents of the vegetable 
matter tan be burnt off. 

88 . — PMCTICAL WORK TO ASCERTAIN WHICH 
INGREDIENTS HOLD THE MOST WATER.--Weigh or 
measure a given quantity of dry sand, clay, and vegetable 
matter which has been separated from garden soil. Place 
in vessels, and pour an equal quantity of water on each. 
Let them stand for half an hour, and note which has soaked 
up the most water. 

89. — PRACTICAL WORK TO ASCERTAIN WHAT 
VEGETABLE MATTER CONTAINS.— Allow some veget- 
able matter to decompose, and pass through it some 
distilled water. Now apply the test given in Experiment 
66 to the solution obtained. What is the result ? It shows 
that by the decomposition of plant-remains, compounds 
containing nitrogen are set at liberty. 

90. — PRACTICAL WORK TO ASCERTAIN THE PART 
PLAYED BY LIME IN A S0IL.-(i) Drop a little weak 
hydrochloric acid (i of acid to 4 of water) on a piece of 
limestone or raw chalk. It effervesces. This shows that 
carbon dioxide escapes when chalk or limestone is treated 
with an acid. ( 2 ) Treat some garden soil with hydro- 
chloric acid. Does it effervesce ? If it does, it probably 
contains carbonate of lime. 

SOILS CONTAIN IN ADDITION TO SAND, ETC., 
LIME. — From the above experiment, it seems probable 
that all fertile soils contain carbonate of lime. Both chalk 
and limestone consist of carbonate of lime. If either of 
them are burnt in a lime-kiln, the following change is the 
result : — 

Carbonate of lime when acted on by heat « Quick-lime 

- 1 - Carbon dioxide. 

The carbon dioxide is driven off as a gas, and the quick- 
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lime is left behind. If water is added to the quick-lime, 
there is a certain amount of heat produced, and slacked 
lime is the result. When this is allowed to stand ^r some 
time exposed to air, it absorbs carbon dioxide, and forms 
carbonate of lime once more. But it possesses different 
properties to the chalk or limestone, it breaks up to 
form a powder or is very friable, and can easily be 
mixed with the soil. 

THE WORK DOHE BY TIME IK SOU — Lime in a soil 
performs several important functions, which arc enume- 
rated below. 

(1) The lime in a soil coagulates the clay and makes it 

friable. 

(2) The lime neutralises any acid which the soil may 

contain, and sweetens it. 

(3) The lime acts as a plant food. 

91.— PRACTICAL WORK TO ASCERTAIN THE FTTNC- 
TIONS OP LIME IN A SOIL.— ( 1 ) Mix up a little clay with 
a large quantity of water until most of the clay is suspended 
in it. (3) Nearly fill two tumblers with the liquid. Now pour 
into one a little distilled water, and into the other the same 
quantity of lime-water. Note the action of the distilled 
water and the lime-water in producing precipitation of the 
sediment. The liquid to which the latter material has been 
added will clear the quicke.st, 

THE PART PLAYED BY THE VARIOTTS INGREDI- 
ENTS OP SOILS IN THE GROWTH OP PLANTS.-From 
the experiments performed, it seems clear that each in- 
gredient in the soil plays a most important part in the 
growth of plants. The sand helps to open up the soil ; 
this makes it easier for the roots of plants to penetrate, 
and it allows both water and air to enter between the par- 
ticles of soil. On the other hand, the clay and sand gives 
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support to the plant and firmness to its roots. The clay 
also contains certain minerals which the plant requires for 
food. 'Both the clay and humus hold water, and this can 
be absorbed or taken in by the roots of plants. The 
vegetable matter, when it decomposes, sets at liberty com- 
pounds, such as nitrates, which plants can utilise for their 
growth. Stones play the same part in a soil as sand, and 
when they are broken up help to form finer materials which 
are so necessary for the growth of plants. Lime coagu- 
lates the clay, and enables a fine tilth to be produced for 
the germination of seeds and the subsequent growth of 
the seedlings. A fine tilth is produced when the soil is 
very friable. Lime also supplies to plants one of the 
necessary elements of growth. 

HOW SOILS AEE FOMED.— The rocks which make up 
the outer portion of the earth are broken down by the 
action of rain, running winter, frost, wind and numerous 
other agents to form soils. If limestone is near the sur- 
face, it is broken up by the agents enumerated above, and 
a lime soil will be produced. This is also true of sandy 
and clayey soils, the former being formed from sandstones 
and the latter from shale, granite, or similar rocks. Such 
soils can be said to be formed in situ^ because they were 
formed in the position in which they are found. Vegetable 
soils, such as peat, grow, and they contain large quantities 
of plant food, but it is generally in an unavailable form. 
If the materials in the soil are exposed to the action of 
lime and oxygen, the unavailable plant food is made avail- 
able. Rivers deposit materials along their banks, especially 
when they flow slowly, as in the lower reaches. This 
forms loam and alluvial soils, and they receive the name 
of transported soils, because their ingredients have been 
carried by water. 

PAETS PEESEIT IE SOILS. “If the student examines 
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a section or exposure showing' the soil and its associated 
structures, as in a quarry or when a trench is opened up 
for drainage purposes, the follouhng layers will bevseen : — 

(1) Soil. This layer is on the surface, and it varies in 
thickness from six inches to three feet, and is generally 
darker in colour than the subsoil. 

(2) Si/hoil. This consists of coarse material, and it 
passes down into solid rock. 

(3) Hod. This is aluniys being drawn upon to form 
subsoil. 

COLOUB, 01? SOILS. — The colour of a soil depends upon 
the proportion of the diherent ingredients present. A 
dark garden or meadow soil is rich in humus ; in fact, the 
large quantity of vegeLaWe matter present gives the 
characteristic colour. Red soils contain a large quantity 
of iron, and light-coloured ones consist principally of 
sand or chalk. The student should make observations 
on the mode of formation and the characters of soils in 
his own district. 

PIAIT FOOB IM SOILS.— The characters of a soil 
influence to a great extent the growth of plants. Not 
only do the physical characters of soil, such as cohesion, 
colour, and proportion of vegetable matter influence the 
plants, but the composition of the ingredients act on 
their growth. We will now determine what plants require 
for their growth. 

92 .-PRACTICAL WORK TO ASCEETAIM THE FOOD 
EEOTIRED BY BIANTS. — (i) Obtain a quantity of fine 
sand, and boil it in water for several hours, so as to remove 
any plant food it may contain. To make certain that the 
whole of the plant food is removed from the sand, change 
the water every half-hour during- the boiling process. {2) 
Now place the sand in an old saucepan, and set it on the 
fire until it is red. Let it cool, and use in the following 
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manner. (3) Place crocks (broken pots) for drainage into 
four plant-pots, and nearly fill each with the cool sand. (4) 
Plant in each pot a well-developed seedling, and water 
well with distilled water. Now number the pots, and 
supply them with food in the following manner : (i) Feed 
No. I with the solution given on p. 36. This contains 
everything that the plant requires for its growth, and is 
said to be a normal solution, (ii) Supply No. 3 with a 
solution which contains everything found in the normal 
solution except saltpetre, (iii) No. 3 should receive a 
similar solution to No. i, but leave out the phosphate 
of lime, (iv) Give to No. 4 distilled water. (5) Note 
how they grow, and at the end of two months prepare 
a series of notes to describe the results obtained. 

ELEMENTS IS! PLAHT FOOD. — For the perfect growth 
of green plants, ten essential elements are necessary. 
These are given below in the form of a table 


Elements. 


How ABSORBED. 


From what Source oi-itained. 


Carbon . . By green parts only 

Hydrogen . By root-hairs . . 
Oxygen . „ 

Nitrogen . ,, ,, . . 

Sulphur . >} ,, . . 

Phosphorus ,, ,, . . 

Potassium . ,, ,, . . 

Calcium . ,, ,, . . 

Magnesium ,, ,, . . 

Iron . . , „ ,, 


. The carbon dioxide in the 
atmosphere. 

. The water in the soil. 

. The water in the soil. 

. The nitrates in the soil. 

. The sulphates in the soil. 

. The phosphates in the soil. 

. The potassic salts in the soil, 

. The carbonates in the soil. 

. The carbonates in the soil. 

. The compounds^of iron in the 
soil. 


Plants absorb in addition to the elements enumerated in 
the above table, silicon, sodium, and chlorine. These 
elements may not be necessary for the growth of plants, 
but they are taken in with the water. 
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plaits mist HAYE their EOOB II THE FORM 
OF COMPOHIDS. — It seems probable that all plants take 
their food in the form of compounds. Even the i^itrogen 
of the atmosphere cannot be utilised by plants, and it must 
be obtained in a combined state. In the soil numerous 
compounds exist, and these are utilised by the plants when 
in solution. The root-hairs and newer portions of the 
roots take in the very weak mineral solution from between 
the particles of the soil. Plants have to take in very large 
quantities of water on purpose to obtain all the materials 
they require, and the excess passes out of the plants by 
the stomata as aqueous vapour (p. 123). 



CHAPTER XH 


PLANTS AND ’J HEIR FOOD {couil NUed) 

WATER PLAl'TS, — Only a comparative few plants live 
entirely covered with water, such as sea-weeds, spirogyra, 
elodea, and a few flowering plants. These are known as 
water plants. Even if the roots of a flowering plant which 
lives in water are embedded in mud, it will be in contact at 
every point with water, and its roots, stem, and leaves are 
surrounded with it. It will be necessary for us to discover 
if water-plants differ in structure from land plants ; and 
from the results obtained to dra-w correct conclusions as to 
how they obtain their food. 

93.~PEACTICAL WORK TO ASCERTAIN THE 
STRUCTURE OP WATER PLANTS. -Obtain one of the 
large sea-weeds, such as Fucus, which may be found 
floating in the sea or attached to the rocks in rock pools 
along the sea shore, (i) Try and bend it; this can be 
easily done. It differs in this respect very much from 
woody or shrubby flowering plants, and more nearly 
approaches the herbaceous ones. Cut across it ; no vas- 
cular bundles will be seen. It differs from nearly all the 
flowering plants which live on the land in having no vas- 
cular bundles to give strength and conduct water. Examine 
the outer layer. It differs from the covering of land plants 
in having no cuticle, as the outer layer of the epidermis is 
called, and nothing like stomata can be seen. At the base 
of the plant will be seen a sucker or disc, by means of 
which it was attached to a rock, or to an animal like a 
crab. This can be compared to a root of a flowering 
92 
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plant which fixes it firmly in the soil, but dificrs from it in 
possessing nothing like root-hairs, (e) Place a piece of 
the plant in inethylaled spirits for twenty-four hcTurs. A 
green liquid is produced. This is a solution of chloroohyll 
{p. 75 ). The brown colouring matter in the sea-weed 
masked the green colour (p. 76 ). (;) Examine in a similar 

manner the structure of a flowering plant wliich lives in 
water ; the Water Crowfoot wiil be a good example. 

HOW WATES PIAHTS 2)IEES2 FROM LAHB PLAHTS. 
— Water plants, such as sea-weeds, and a number of 
flowering plants, differ in structure from land plants in 
many important p.'irticulars. The most important of these 
are shown below in the form of a table. 


Watkk Plants do not possess— 


A cuticle, but a slimy layer may 
cover the epidermis. 

Stomata. 

W’oll-dovolopcd vascular bunilles. 
Root-hairs. 


I hvxD Plants do I'ossnss— 

I 

r \ ■ 

' \ cuticle, 
j Slomaln. 

j Well-developed vascular 
buiidlos. 

Root-hnir» {a lew exceptions). 


Water plants have no use for stomata, for the ga.ses 
pass into the plants along with water, and, as they give 
out no aqueous vapour, such structures would be of no 
service. A cuticle would prevent the passage of water into 
the plant, and so the structure is absent. Root-hairs are 
organs which enable land plants to absorb their food from 
the soil, They are absent from water plants, because the 
W’ater can enter any portion of the plant, and they do not 
require any special organs to absorb water and minerals. 
The vascular bundles found in land plants help to give 
strength to the plant, and conduct water from the roots to 
the leaves. Water plants are supported by the water, and 
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strong vascular bundles are not required for that purpose ; 
only weak ones being formed. Conducting channels can 
serve n'b useful purpose in their economy, as water can 
enter at all points of the plant. 

Concliisions.— The whole of the food which a water plant 
requires for its growth is obtained from the water in which 
it lives, and the necessary minerals and carbon dioxide can 
pass into the plant along with the water. 

AMPHIBIOUS PIANTS.—Plants like the Water Crow- 
foot have some of their leaves submerged in water, while 
some float on the surface. All plants which possess both 
floating and submerged leaves are amphibians, and they 
can live either in or out of water. For should the water 
dry up in which they live, only the submerged leaves die ; 
the floating ones live on and prevent the death of the 
plant. Submerged leaves are generally finely divided, but 
the floating ones are larger. 

94.~~PHACTICAL WOEK TO ASCEETAIH THE 
STEUCTUEE OE AH AMPHIBIOUS PLANT.— Try and 
find the Water Crowfoot. It lives in ponds, and its white 
flowers can generally be seen above the surface of the 
water during April, May, and June. Examine it. The 
floating leaves are orbicular or reniform, while the seg- 
ments of the submerged spread in all directions. Do the 
stems contain a well-developed vascular system ? Examine 
the roots and try and find if root-hairs are present. 

EOCK PLAHTS.~-It is a common sight to see on a bare 
face of rock, perhaps on some mountain slope, a rich 
covering of mosses, liverworts, and lichens. Old walls are 
often covered with beautiful orange-coloured lichens, and 
numerous rock plants can be found growing at an altitude of 
thousands of feet above the sea-level in the Alps. All plants 
which are fixed to rocks can be called rock plants. How do 
such plants obtain their food ? Most persons would say : 
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Wlijs from the rocks to which they ding;, it seems prob- 
able that this is far from the truth. Rock plants may 
grow on rocks which • 

cannot supply them with 
a single mineral con- 
stituent which they re- 
quire. Pure white quartz 
often possesses a rich 
covering of plants, but 
they cannot utilise this 
substance for food. 

Most of the water and 
minerals which these 
plants need for their 
existence comes from the 
dust which falls upon or 
is brought to them by 
rain, dew, and snow. 

Plants of this description 
contain chlorophyll, and 
this enables them to use 
carbon dioxide to form 
sugar and starch. The 
student should examine 
as many examples of 
rock plants as possible, 
so as to be able to 
recognise them at a 
glance. He may also 
find similar plants grow- 
ing on the bark of trees ; 
they only ding to the bark for support, and take nothing 
from the plants on which they live. 

PARASITIC PLARTS.—Just as we find that social 



Fig. 37.— Plants of Liverworts fruiting. 
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parasites prey on society, so in the plant world iiumcroi. ^ 
plants live at the expense of other plants or animals. /i 
parasitic plant is one that lives in or on another plant, and 
takes from it either the whole or some of the materials 
which are necessary for its nutrition. The plant or animal 
on which it lives is known as the host. The following- 
table gives a simple classification of parasites : — 

Parasitic Plants can be divided into — ■ 
FLOwiiRfNG Plants. ! Nox-Fr.owEKiNo PLAN'rs. 


i 


Wholly 

Partially 

Multicellular 

Unicellular 

Prirasilic. 

Parasitic. 

T’ungi. 

I'ling-i. 

E. Dodder. 

Nistletoc. 

Pithiiim. 

E. A- Bacteria. 


PARASITIC PLOWERIHG PLAITS.— The flowering- 
plants which have adopted the parasitic habit fall naturally 
into classes ; these are: (i) Those which obtain from the 
host everything- they require for their nutrition. (2) Those 
which only obtain a portion of the necessary food from the 
host plant. The plants belonging to the former class have 
no chloroph}'!!, but the latter possess it. Green parasites 
obtain a portion of their carbonaceous food from the air, 
but it stands to reason that the plants without chlorophyll 
must take the whole of the food for their growth from some 
other source. 

PARASITIC PLOWERING PLANTS WITHOUT CHLORO- 
PHYLL. — If a number of the gorse bushes which grow so 
abundantly in most parts of the country are carefully 
examined during summer, they will often be found to have 
twining round them slender pale-coloured filaments, which 
look much like narrow pieces of tape. When a piece of 
material is examined more closely, there will be seen on 
the side nearest to the gorse stem, small suckers by which 
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the filaments cling to the plant. There may also be seen 
during the flowering season, numerous bunches of flowers 
(flowers from July to September). This plant is the DoSder. 
The Dodder may be found growing on Nettles, Clover, 
Ling, Vetches, Thyme, and other suitable hosts. 

95. —PRACTICAL WORK TO ASCERTAIN THE STIUC- 
THEE OF TEE DOBBER. — Obtain a piece of Dodder which 
is still attached to a portion of the host, and notice : (i) The 
colour, it may be white, pink, or yellow. (2) The plant is 
without leaves, but numerous heads of flowers may be 
present. (3) The stem is not much thicker than twine. 
(4) Using a lens, note the suckers which penetrate the 
host, and by means of which nutritive materials are drained 
from it. (5) Now cut across both the stem of the host and 
that of the Dodder. Examine the cut end with a good 
lens. The sucker will be seen enclosed within the stem of 
the host. 

HOW THE BOBBER FINDS ITS WAY INTO THE 
HOST. — The seeds of the Dodder either fall or are blown 
from the fruits, and fall on the soil. Here they remain 
until the following spring, when they germinate. Dodder 
seeds are very small, and do not contain an embryo like 
that of the Bean, but still they produce a seedling when 
they germinate. When the seed germinates, a tiny filament 
is produced, this begins to move round in a circle. If the 
filament comes in contact with a portion of a plant, it 
twists round it, suckers being formed at the point of 
contact. Growth takes place at the end of the filament 
or stem ; thus the whole of the plant, and in some cases 
the surrounding ones become infested with the parasite. 

The Broom-rape is another well-known example of a leaf- 
less parasite. It is brownish in colour, and produces a 
tuberous root. The flowers, which grow on spikes or 
racemes, are produced from June to August, and they can 
7 
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often be found standing just above the level of the soil. 
Another fleshy-root parasite is the Toothwort, which 
atta[:hes itself to the roots of the Hazel, and flowers 
from xApril to May. Space wiU not permit of a fuller 
treatment of this interesting subject, and the student 
must consult more advanced books which deal with 
parasites. 

PARASITIC PIOWEEIIG PLAITS WITH CHLORO- 
PHYLL. — The well-known mistletoe is a good example of 
a parasite which is green. It is very common during 
Christmas festivities, and can then be obtained for 
examination. 

96 .— PRACTICAL WORK TO DITEEMIHE THE STRUC- 
TURE OP THE MISTLETOE,— Obtain a specimen of the 
Mistletoe while still attached to a portion of the host plant. 
The host plant may be the Apple, Fir, Poplar, and in rare 
cases the Oak. Now examine the specimen, and notice : 
(i) It is an evergreen shrub. (2) The leaves are either in 
pairs or in threes, and the stem on which they grow may 
be jointed. (3) Numerous white berries may be present. 
(4) Examine a fruit and the seeds. The seed is protected 
by a hard covering. 

The seeds of the Mistletoe are scattered by birds, and 
they can pass through the food canal without undergoing 
any change. When favourable conditions arise, the seed 
germinates and the root which passes out enters the host 
plant. The tree grows, and buries the numerous roots which 
are given off from the stem of the Mistletoe. If the student 
can examine a section through the stem of the apple which 
has the Mistletoe attached, the difference in the colour 
will enable the student to distinguish where the roots are 
buried. 

ROOT-PARASITES. — Many plants which appear harmless 
to the ordinary observer when they are carefully examined 
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will be found to be fixed to the roots of other plants. 
The Bastard Toad-Flax which grows in dry chalky pastures 
possesses fibrous roots, and these are attached to theVoots 
of other plants, if suchi^ plant is removed from the soil 
and its roots are examined, small white suckers will be 
seen on them. The suckers can enter the roots of the 
plants which grow round the parasite, and the poor condi- 
tion of many of the plants from which they draw nourish- 
ment, clearly shows the deadly nature of their action. The 
following list mentions some of the common root-parasites 
which possess green leaves. 

Name of Plant. | Where it Grows. ' Phriod 

! ' FROM— 


Eyebright. i Meadows and heaths. ■ l^ray to Sontembcr. 

Yellow-Rattle. j Wet places. I Mario July. 

Lousewort. ] Marshes and bogs. i May to September. 

Cow- Wheat. ; Heaths and pastures. , June to Septe.nber, 

Bastard Toad- Flax. Chalky pastures. , May to July. 


Green parasites take from the host plant water and 
minerals, but are able to utilise the carbon dioxide in the 
air as carbonaceous food. Some botanists have suggested 
that such plants may even transfer carbon compound to 
the host plant. 

lOl-ELOWERma PARASITES. -IMany of the diseases 
of both animals and plants are caused by plants which a£'e 
destitute of chlorophyll, and belong to a group of plants 
which are known as Fungi. In this case, as in that of the 
Dodder, the wdiole of the food is obtained from the host. 
They can be divided into unicellular and multicellular forms. 
The former consists of only a single cell, and they are very 
minute. They reproduce by division, and some forms have 
been seen to reach their full growth in the space of twenty 
minutes, when they divide into two. In this way a single 
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plant begins to grow, and its offspring at the end of a few 
days may be many millions. It is this rapid increase in 
numl^er which may make them so dangerous to health. 
The latter are made up of abo^'e one cell, and for this 
reason they are said to be multicellular. 

Bacteria . — The unicellular fungi which produce disease 
are known as bacteria. They are very minute, as we have 
seen, but “ what they lack in size they make up in number.” 
Bacteria live in air, water, food, on and in animals and 


Fig. 38.— Fructifications of a multicellular fungus. 

plants. Some of them are our friends, and others are our 
foes. Decomposition of organic matter is due to them, 
and they produce nearly all bad smells. Nitrification or 
the production of nitrates, which plays such an important 
part in the fertility of soils, can only go on where certain 
kinds of bacteria are present Consumption, diphtheria, 
typhoid, cholera, and numerous other diseases from which 
the human race suffer are due to special bacteria. It is of 
great importance to all, that a fuller knowledge of the life 
of these organisms should be obtained, so that the above 
diseases can be stamped out 
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Midikdlular Fungi, — Many of the multicellular forms 
live Oil plants, and such ivell-kiiown plant diseases as bant 
in wheat, potato disease, and the damping *01? ” of 
seedlings are the resuIt^s of their living activity. 

SAPROPHITIC PLAHTS.—All plants which obtain 
carbonaceous food from decomposing organic matters 
are Saprophytes, c,g. Mushroom, Toadstool, and Yeast. 
The multicellular forms produce roots or suckers which 
enter the decomposing matter, and complex carbon 
compounds are absorbed. The Yeast plant can live on 
sugar, water, and minerals. Each Yeast plant does not 
exceed the -^-yVu of an inch in diameter, and some are 
so small that 7,000 placed edge to edge will not cover the 
space of one inch. A few British flowering plants are 
Saprophytes. The well-known Monotropa, or Bird's Nest, 
and the Bird’s Nest Orchis are good examples. 

CARNIVOROHS-PLAHTS. — In damp places and on the 
moors of England, Ireland, Scotland, and Wales, numerous 
plants live which have the power of entrapping insects, and 
using them as food. The Sundew is a small plant which 
possesses a rosette of leaves which rest on the ground, and 
on the leaves numerous hair-like bodies exist. Theses 
receive the name of tentacles, and the swelling at each tip^ 
is a gland. If the Sundew is examined on a bright sunny 
day, each gland appears to have on it a drop of dew, and 
the numerous drops give to the plant a very peculiar 
appearance. A small fly approaches, and touches a 
tentacle, the shiny sticky drop of material which looked 
like dew holds it tight. As the fly struggles, other 
tentacles bend down towards the struggling animal, and 
at last they cover it up. The glands pour out on the fly 
a digestive juice, and all the nutritive materials are 
dissolved out. At the end of a week, the leaf relaxes, 
and it is ready for some more food. 
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The Butterwort also possesses a rosette of leaves, and 
these are of the colour of batter. Each leaf is turned up 
at the 'edge, and is very sticky. In most cases, dead 
insects will be seen on the lea\’‘esf Both living and dead 
insects come in contact with the leaves, the former acci- 
dentally, and the latter reach the plant by the action of 



Fig. 39.— -The Sundew, a carnivorous plant which grows on the moors, 
and in damp places. The leaves are sticky, and sensitive to touch. 

the wind. The sticky material on the leaves seems to have 
the power of digesting animal matter ; there is no doubt 
that compounds of nitrogen, and perhaps carbon com- 
pounds, are absorbed in this way. 

The Bladderwort grows immersed in water, in slowly- 
flowing rivers, ponds, and tarns. Small bladders are 
attached to the long slender stems, and if these are 
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examined, numerous stiff hairs will be seen standing out 
near a tiny trap door. The interior of the bladder is 
richly supplied with large stellate cells, and are 

supposed to be absorbing organs. Numerous small 
animals live in the water, and some of these push up 
against the small door which leads into the bladder. It is 
so easy to enter, but they can never return, for the door 
only opens inwards, and after a struggle to regain liberty 
the animals die. Their decomposing bodies give up food 
materials which the stellate cells absorb. 

All carnivorous plants liv’e where nitrogen compounds are 
very scarce, and they make up for the lack of this by 
entrapping small animals. These decompose, or are 
digested, and the organic compounds can be utilised for 
food. Most of them contain chorophyll, and they can 
utilise the carbon dioxide as a source of carbonaceous food. 

SYMBIOTIC PLAJfTS.—Social reformers have long had 
the hope that a time will come when every individual in 
the community will do his due share of work, an ideal 
state of society being the result. The day has still to 
come for the human family, but a few plants have solved 
the problem, and live in communism, mutilism, or 
Symbiosis. Plants like Peas, Beans, Vetches, and Clover 
have a remarkable way of obtaining nitrogen. If any of 
these plants are removed from the soil, there will be found 
on the roots small tubules or root nodules. It has been 
ascertained by microscopic examination that the root 
tubercles contain bacteria. The bacteria enters the root 
hairs, and this stimulates the living substance so that 
tubercles are produced. For a long time farmers and 
gardeners have known that manures containing nitrogen 
did not help the growth of leguminous plants (such as 
Clover, etc.) to any great extent. Botanists by systematic 
research have discovered that the bacteria can use the free 
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nitrogen of the atmosphere, and produce from it com- 
pounds of nitrogen which are given up to the green plant. 
Most lijcely, the leguminous plant gives up to the bacteria 
carbon compounds. This is a caf>e of symbiosis. 

The lichen (p. 94), is a compound plant, for an alga 
(seaweed) and a fungus live together. By careful 
examination, it has been ascertained that the filaments of 
the fungus surround the cells of the alga. The fungus 
takes up water and minerals, and hands some of these up 
to the alga; the alga containing chlorophyll, is able to 
build up carbon compounds from the carbon dioxide of the 
air, and passes some of this on to the fungus. The alga 
and the fungus live together, and form a symbiotic plant. 

If the roots of the Hazel, Oak, Heath, Beech, and 
Rhododendron are examined, they will be seen to be 
closely invested with a fine network of filaments. These 
belong to different kinds of fungi, and all the observations 
made seem to point to the fact, that the filaments take 
from the soil substances which they pass on to the roots 
of the plant around which they live. There is reason to 
suppose that this is a case of symbiosis. The young 
seedlings of the Oak, etc., cannot be raised in pure sand, 
even if they are fed with a normal culture solution. Why ? 
The filaments act as absorbing organs, and if these are 
absent, even if the plant is surrounded with food materials, 
it may die of starvation. 

A similar partnership is found to exist between the Bird’s 
Nest (Monotropa) and the filaments of a fungus. In fact, 
the fungus flowering plant can only grow when living in 
symbiosis with the non-flowering fungus. 



CHAPTER XIII 

WHAT PLANTS 'do WITH TBEIR FOOD 

SUBSTAICES EOOTD II PLAITS.-If suitable means 
are used for their detection, substances can be found in 
plants, such as sugar, starch, cellulose, fat, and protein. 
It is evident that these substances did not exist in the 
food they absorbed from the soil and air. Where did they 
come from ? They must have been made by the plants 
from their food. In Chapter X, we noticed that if a green 
plant was supplied with water and carbon dioxide, it could 
make from them, during sunlight, sugar ; the sugar 
generally being converted into starch. This process is 
known as carbon assimilation or photosynthesis, and it is 
probably the starting-point of a large number of trans- 
formations which go on within the plant. In fact, the 
plant is like a workshop within which raw materials are 
converted into the finished products. The raw materials 
which a plant absorbs, consists of water, minerals, and 
carbon dioxide. F rom these, the living activity of the plant 
forms the substances enumerated above. We will now 
consider the characters of the most important substances 
which can be detected in plants, and their formation. 

97. —P1ACTICAL WOEK TO ASCEETAII THE CHAE- 
ACTEES OF STAECH. — ^The student should once more 
perform the experiments given in Experiment 8 i, so as to 
confirm the inference drawn as to the characters of starch. 
In addition to this, he should read the conclusions as to 
the characters and composition of starch which are given 
on p. 79 . 

98. -PEACTICAI WOEK TO ASCEETAII THE CHAE- 
ACTEES OF CELLULOSE.— (i) Place a little cotton wool 

los 
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in a clean dish or on a glass slide, and add a drop of 
iodine solution. It stains faintly yellow. Now add to it 
a drop® of sulphuric acid. The cotton changes to a deep 
blue-black colour. This is thet'fst which is generally used 
for the detection of cellulose. (2) Boil a little cotton wool 
in a test-tube with water, it undergoes no change. It 
differs from starch (i) because it does not turn blue with 
iodine solution alone, but sulphuric acid must be added to 
it. (ii) Starch when boiled forms a paste, but cellulose 
undergoes no change, (iii) Cotton is nearly pure cellulose. 

(3) Scrape from the surface of a Date stone the brown 
covering, there will come into view a substance which 
looks like ivory — this is cellulose. Apply the tests used in 
the case of cotton. 

99 .-PIIACTICAL WOEK TO ASCEETAIN THE CHAE- 
ACTEES OF THE BIFFEEEHT KIHDS OF STJGAE.- 
(i) Obtain a little Fehling’s solution. This is used as a 
test for certain kinds of sugar which are known as reduc- 
ing sugars, because they can reduce copper oxide. That 
is, they have the power of extracting from an oxide, like 
the one mentioned above, oxygen, and the metal is thrown 
down. (2) Squeeze into a test-tube a little juice from a 
grape. Add to it some Fehling’s solution, and boil. It 
turns yellowish-red. (3) Place a piece of ordinary sugar 
in a test-tube, add water, it dissolves. Now add a little 
Feliling’s solution, and boil. There is no change in colour, 

(4) It seems evident that there must be a difference be- 
tween the sugar as it exists in grapes and ordinary table 
sugar. All sugars which have the power of giving a 
yellowish-red colour when boiled with Fehling’s solution 
are reducing sugars, and those which remain unchanged 
non^-reducing sugars. Grape and malt sugars belong 
to the former, and cane or ordinary sugar to the 
latter. 
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100. —PRACTICAL WORK TO ASCERTAm THE CHAR- 
ACTESS OF FATS. — (i) Obtain a little linseed oil, and 
place ill a test-tube. Add to it a few drops of*osmic 
acid, it turns black. Tl:';^ is the common test for fats. 

(2) Shake up some linseed oil with a little solution of 
common soda. It turns milky. The oil is emulsified. 

(3) All fats turn black in the presence of osmic acid, and 
are emulsified if shaken up with an alkaline solution. 

101 . — PRACTICAL WORK TO ASCERTAIN THE CHAR- 
ACTERS OF PROTEIMS. — (i) Mix a little white of egfg- 
with water, and place some in a test-tube. Boil. The 
white of eg’g is coagulated, and forms a white solid. 
(2) Add to a little of the solution a few drops of nitric 
acid, and boil. The coagulaled white of egg turns yellow. 
Cool under a stream of water, and add a little solution of 
ammonia. An orange colour is produced. (3) White of egg 
contains a protein. All proteins are coagulated by heat, 
and give the characteristic colour test as shown above 
Perform the following experiments in a similar manner, 

(4) Apply the colour test for proteins to some of the 
material from the interior of a grape. Do grapes contain 
proteins ? (5) Place a little flour in some water in a test- 
tube, and apply the colour test. xAre proteins present in 
flour? (6) Soak some barley seeds in water for a few 
hours, and then grind up in a mortar. Test a little for 
proteins. What is the result? 

CLASSmCATIOH OF PRODUCTS.-The following classi- 
fication shows at a glance the relationship of the common 
substances found in plants : — 

Nitrogenous (containing nitrogen). Non-nitrogemus (with- 
out nitrogen). 


Proteins. 

Albuminoids. 


Fats. 

Carbohydrates. 
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THE PROTEINS. — Nearly all substances which contain 
carbon, hydrogen, oxygen, nitrogen, and sulphur are said 
to be 'proteins. They are necessary for the growth of 
plants and animals. Green plants can build them up from 
carbon dioxide, water, nitrates, and compounds of sulphur. 
Plants without chlorophyll must have a carbon compound 
to start with, and this, along with water, nitrates and 
sulphur compounds, can produce proteins. Legumin and 
glutin are forms of proteins found in plants. 

THE ALBUMINOIDS, — The albuminoids are more diffi- 
cult to understand, and the student must consult a more 
advanced book for a description of these compounds. 

THE EATS. — The fats contain carbon, hydrogen, and 
oxygen. If one gram of fat is burnt it will produce 9’4J 
calories of heat, but the same amount of either sugar or 
starch only produces 4*1 calories. Fats are found in seeds 
and fruits, e.g, castor-oil seed, linseed, almond, and the 
fruit of the Olive. 

THE CARBOHYDRATES.-All the substances which 
plants produce, and which contain carbon, hydrogen, 
and oxygen, the hydrogen and oxygen being present in 
the same proportion as in water, are classified as Carbo- 
hydrates; e.g. sugar, starch, cellulose, and gum. They 
are among the simplest of the compounds formed by 
plants, and sugar at least, is the starting-point for nearly 
all the compounds which plants produce. 

"'HOW THE AR@VE COMPOUNDS ARE EORMED.—It 
must be distinctly understood that plants form various 
compounds which we have considered because they are 
endowed with what we call life. The living [mtal) prin- 
ciple which all living plants contain is associated with a 
substance known as protoplasm. The table given below 
is an attempt to state the probable way in which certain 
compounds are formed. It does not pretend to be 
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absolutely correct, and it will probably require revising as 
new discoveries are made. 


Compound. i 

FC-piED — 

1 Conditions nece.s.sary 

1 FOR FORMATION. 

Sug-ar 

From carbon dioxide 

Chlorophyll, light, and 


and water. j 

heat. 

Cellulose .... 

From the protoplasm i 
or is produced by | 
it. ! 


Fat .... . ! 

From the breaking 

Can be formed in light 


down of proto- 
plasm, or secreted 
by it. 

or darkness. 

Protein 

B}' the protoplasm. 



PEOTOPLASM. — The substance named by Mohl, proto- 
plasm, is one of the most wonderful things in the 
Universe, for the whole of what we call life depends upon 
its existence, and up to the present, life has never been 
found apart from it. One of the familiar objects which 
may be seen on the bark in a tannery during summer, or 
on the staging of a greenhouse where the spent bark has 
been used, are masses of what looks like yellow jelly. 
This is known as “ Flowers of Tan.” The masses of jelly 
consist of protoplasm, and if they are carefully observed 
from time to time, they will be seen to move slowly along 
the tan. No definite answer can be given as to the com- 
position of living protoplasm, for it is impossible to make 
a complete analysis without destroying what we call life. 
It gives the same reaction as proteins, but it must differ 
from them, for it possesses living properties which they 
do not possess. We will now examine in a practical 
manner some of the properties of protoplasm. 

102.— PEACTICAL WOEK TO ASCEETAIl- THE PEO- 
PEETIES OF PEOTOPLASM.— (i) Obtain from a naturalist 
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a plant of Vallisneria, or some Elodea (American Water 
Weed), and mount a young- leaf in water. Cover, and 
examine. Numerous small cavities will be seen, and if 
the temperature is suitable, th^. contents of these will be 
seen in a state of motion. Each cavity is known as a 
cell, and the substance which is moving within it consists 
of protoplasm in which different materials are embedded. 
Now carefully notice the movements of the protoplasm ; 
the chlorophyll granules move with it, and seem as if they 
were running a race, for sometimes one grain may pass 
another, only to be passed in its turn by a more swiftly 
moving one. (2) Place the slide on a piece of ice for a 
few minutes. Examine again. The movement has ceased. 
(3) Set the slide on a glass containing warm water for a 
short time. On examination the protoplasm will be seen 
to have recovered the power of motion. (4) Pass the 
slide through a gas flame or hold it over the surface until 
the water begins to boil. All power of motion will have 
been lost. (5) The power of motion depends upon tem- 
perature. If the protoplasm is too cold or too hot it 
ceases to move, but recovers when a suitable temperature 
is obtained. Boiling destroys or kills the protoplasm. 
(6) Examine some flower of tan, and notice that it in- 
creases in size or grows. 

TROPEETIES OE PROTOPLASM.— From the experi- 
ments just performed it seems clear that protoplasm 
possesses certain properties. These are : — 

(1) The power of movement. 

(2) The power of growth. 

(3) The power of reproduction (not shown in Experiment 

102 ). 

PROTOPLASM EHGLOSEB IN CELLS. — In most plants 
the protoplasm is enclosed within cavities which receive 
the name of ceils (Fig. 40). The word cell means a space 
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surrounded by walls. Plants are built up of cells, and in 
very young- plants their walls consist of cellulose. Cells 
vary greatly in size, some are so small that they caji only 
just be seen under the highest powers of the microscope, 
while others are visible A the naked eye. Both living- 
and dead cells may be found in plants, the former contains 





FiCr. 40. — The lilructure nf cells. A, young cells; older cells from 
same plant, /i, cell wall ; /, protoplasm ; nucleus ; nucleolus ; 
J, vaucoles. C, a still older cell with one large central vaucole. shows 
sevyral yaucoles, and the central mass of protoplasm is connected to that 
which lines the cell wall by strands. 


living protoplasm, but the latter are either empty or their 
contents are non-living. 

TISSUES. — Cells may be grouped to form vessels, as in 
the vascular bundles. The union of cells give rise to what 
have been termed tissues, because they have been compared 
to a woven fabric. There are three classes into which 
tissues have been divided, _^they are : — 
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(1) Covering or epidermal tissue. 

(2) Supporting, conducting, or vascular tissue. 

(3) Packing or ground tissue, which fills in the spaces 
between the above, and may have stored in them reserve 
and waste substances. 

RESEEVE MATERIALS IN PLANTS.— Most of the pro- 
ducts which we have examined are stored up by plants for 
future use, and they have been termed reserve materials. 

Starch . — One of the common reserve materials is starch, 
and it is stored up in seeds, leaves, stems, and roots 
(p. 82). It can be changed into sugar by a ferment. 

Cellulose , — The reserve material which is stored up in 
the date seed is cellulose. When the seed germinates, the 
cellulose is changed by a ferment into sugar. 

Proteins . — In all seeds or embryos a certain amount of 
proteins must be stored up to give to the young plant a 
start in life. 

CONCLUSIONS. — From both the practical work and 
theoretical considerations the following conclusions can 
be arrived at: — 

(1) The food which plants absorb from the soil and air 
consists of raw materials. 

(2) The living activity of the protoplasm produces from 
the food numerous compounds. 

(3) The whole of the constructive work done by plants 
depends upon the protoplasm. 

(4) The protoplasm is the most wonderful substance in 
the Universe, and what we call life is always associated 
with it 

(6) The protoplasm is in all cases found in oeUs, and in 
plants these are surrounded by walls. 

(6) The cells are arranged to form tissues, aud these per- 
form the work of supporting, conducting, protecting, and 
storing up materials. 
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PLANTS REQUIRE OXYGEN 

EESPIRATIOH.— All plants, and all the living parts of 
plants, must be supplied with free oxygen so that they can 
produce energy. The taking in of oxygen, and the giving 
out of carbon dioxide is known as respiraiion. Nearly all 
plants must have the oxygen in a free state, not combined, 
as in a compound ; the exceptions being a few bacteria, 
and the Yeast plant, which grows better without free 
oxygen than with it. Plants must possess energy, and like 
animals they can obtain it by the breaking down of 
substances which exist within themselves. Energy is the 
capability of doing* work, and energy is just as necessary 
for the life of a plant as for the life of an animal. The 
only dlfl'erence between plants and animals in this respect 
consists in the former requiring much less energy than the 
latter. 

COMPOSITIOK OF ATMOSPHERE.— The atmosphere is 
made up of several gases which do not unite to form a 
compound, but exist in the form of a mechanical mixture. 
The following table gives the average composition of air : — 

Nitrogen . , . 79*00 per cent. 

Oxygen . . . 20,96 „ ,, 

Carbon dioxide . . 0*04 ,, ,, 

In addition to the above, there are small quantities of 
aqueous vapour, ammonia, and nitric acid, 
THECHAHGES PRODUCED IN THE ATMOSPHERE BY 
OREEN PLASTS AND ANIMALS.— In a previous section 
of this work we noticed that plants absorb carbon dioxide 
8 113 
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from the atmosphere, and return to it oxygen. They also 
use some of the oxygen for respiration, and give up in 
return^carbon dioxide. Respiration in plants is very feeble, 
but the assimilation of carbon ^ioxide is carried on with 
great vigour. So that green plants purify the atmosphere. 
Animals, on the other hand, respire with great vigour, they 
are always pouring into the atmosphere carbon dioxide, 
and taking from it oxygen. Those plants which are 
destitute of chlorophyll act in a similar manner to animals. 
The balance of carbon dioxide and oxygen in the 
atmosphere is kept up by the interaction of green plants 
and animals. 

103 . ~ PRACTICAL WORK TO PROVE THAT PLANTS 
ABSORB OXYGfEN. — (i) Obtain some methylene blue, and 
mix a little with some water so as to make a pale blue 
solution. Prepare three small flasks, and number them. 
Fill No. I with the solution, and fix a cork in position. 
This is the control experiment for colour, and all dispute 
as to colour must be referred to this flask. Place in 
No. 2, a few germinating peas, and fill with the 
solution. In No. 3, place a few pieces of Watercress, 
and fill as before. Set the flasks in the dark for from two to 
three days. At the end of the above period, examine. The 
solutions in both 2 and 3 have changed colour. Why? 
Because both the peas and watercress have absorbed 
oxygen from the methylene blue, hence the change of 
colour. {2) Place in a piece of damp blotting-paper, a few 
germinating peas or beans, and insert into a glass jar. 
Close the jar with a tight-fitting cork, and set in the dark. 
At the end of twenty-four hours, see if a glowing strip of 
wood will burn in the bottle. If the experiment has been 
carefully done, the wood will not burn. The oxygen has 
been absorbed by the peas, and they have given out 
carbon dioxide. 
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104. --PRACTICAL WORK TO SHOW THAT CARBOI 
BIOXIBE IS GIYEl ORE WHEH EMITS SESPIEE.~-(i) 
Plug up the hole in a funnel with a wad of loose? cotton 
wool, and place in it some^germinating barley seeds. Set 
the funnel in a glass jar, and cover the apparatus with a 
piece of dark woollen cloth or felt. At the end of twenty-four 
hours lift out the funnel, and pour some lime-water into 
the jar. Shake, it will turn milky. Carbon dioxide has been 
produced. (2) In a similar manner perform the experiment, 
but use flowers of the ^Marguerite or Dandelion. The 
result will be the same. 

105. — PRACTICAL WORK TO SHOW THAT HEAT IS 
PROBUCEB BY RESPIRATION. -(i) Obtain half a pound 
of barley seeds, and soak them in water for twenty-four 
hours. Remove from the water, and allow them to drain for 
some time. Now line the interior of a glass (a jam jar will 
do) with damp blotting-paper, and place the barley seeds 
inside it. This will keep the seeds damp. Insert a cork 
in the neck of the jar through the centre of which a hole 
has been made. Fix in the hole a thermometer, and keep 
in a warm room. Readings of the thermometer should be 
taken every ten hours for several days, and these should 
be compared with the readings of another instrument 
placed near the apparatus. This experiment shows that 
heat is produced when seeds germinate. Why ? Because 
they respire, and the oxidation which goes on inside the 
seeds produce heat. (2) Perform a similar experiment but 
keep the apparatus in a cold place. How do the results 
obtained differ from the tabulated ones in No. i ? Has the 
temperature of the room any influence on the production 
of heat? (3) Prepare a bottle or jar like the one used 
above, and inside of the damp blotting-paper place a 
quantity of the flowers of the Marguerite. Insert the cork 
and thermometer. Do the flowers of the Marguerite 
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respire, and produce heat? (4) Buy two ounces of yeast, 
and mix it with some warm water and sugar. Place in a 
similar ^jar to the ones used above, only blotting-paper 
will not be required. Keep in » warm place. Insert the 
cork, etc. Take the temperature at once, and each thirty 
minutes. What is the result ? 

THE ACTIOH OF EXTERNAL TEMPERATURE Ol 
RESPIRATION. — The results obtained by numerous 
experiments have proved that the temperature of the 
atmosphere has a marked influence on the respiratory 
activity of plants. Respiration nearly ceases at the freez- 
ing-point, but as the temperature rises, the absorption of 
oxygen increases until, at a point which varies in differ- 
ent plants, the maximum is reached. If the external 
temperature rises above the maximum, the respiratory 
activity declines. We can say, that all plants possess a 
minimum temperature below which the power of absorb- 
ing oxygen ceases, and in a similar manner, respiration 
ceases if the temperature rises above the maximum. 

THE INFLUENCE OF LIGHT ON RESPIRATION,— 
Light does not seem to influence the activity of respiration, 
for plants respire in light as well as during darkness. In 
fact, we can say that respiration commences with the 
germination of the seed, and continues throughout the life 
of the plant. 

WHY PLANTS RESPIRE. — The experiments which we 
have performed prove that heat is produced during 
respiration. When oxygen is absorbed, and it unites with 
substances within the plant, oxidation takes place. 
Oxidation is always accompanied by the liberation of heat, 
but heat is a form of energy. The energy produced by 
re.spiration enables the processes which are so important 
for the well-being of the plant to be carried out. It seems 
probable that the energy is necessary for : — 
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(1) Assimilation, A green plant when exposed to light, 
produces enough material in one hour to enable it to 
respire for thirt}' hours. 

(2) The growth of the plant. If respiration ceases, the 
growth of the plant is arrested, and will not commence 
until oxygen is absorbed. 

(3) The movements which plants exhihit. The movements 
of the sensitive plant are arrested if placed in an atmosphere 
which contains no free oxygen. 
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TRANSPIRAnON 

PLANTS GIVE OUT WATER.— If green plants are 
exposed to light they give out the maximum amount of 
tvater as aqueous vapour, but in the dark only a very small 
pantity will be lost. The greater the quantity of vegeta- 
;ion in a district, the larger the quantity of aqueous vapour 
Aull be present in the atmosphere. The atmosphere in a 
brest is close and oppressive because the trees give out 
m immense quantity of aqueous vapour. Places which 
Dossess only a scanty vegetation generally have a dry 
itmosphere, and the rainfall will be very little. We will 
low proceed to ascertain from what part of the plant most 
?f the aqueous vapour is lost. 

106 .— PRACTICAL WORK TO SHOW THAT A GREEN 
PLANT LOSES WEIGHT WHEN EXPOSED TO THE 
SlCTION of light and heat.— (i) Obtain, in a plant- 

pot, a strongly growing Geranium plant and water well. 
Now cover the whole of the pot and soil with tinfoil so 
as to prevent them from losing water by evaporation. 
[2) Weigh the plant, and set it on a window sill where 
it is exposed to bright light for four hours. If a pair 
of scales cannot be obtained, this experiment can still be 
performed. Make a hole in the centre of a window rod, 
and pass a piece of string through it Now suspend the 
rod by the string. Sling the plant-pot at one end of 
the rod, and balance with a bag containing sand. Let the 
apparatus be exposed to light for a few hours or stand in 
a warm w^ell-lighted room. (3) At the end of four hours 
the plant should be weighed again. The decrease in 
iiS 
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weig'lit will give the amount of moisture lost by the 
plant. Perform in a similar manner the foilozoing ex^eri- 
7 iieHtsi (4) Weigh the plant used above and keep itfQr four 
hours in a dark cold room. How much water *has the 
plant lost? (5) After weighing the plant, keep it for 
the same length of time in a dark warm room. What is the 
loss of weight ? If the above expeiiiiieEts are carried out 
with care, they prove that wheu plants are exposed to bright 
light they lose more aqueous vapour than under any other 
condition. 

107 .-PRACTIGAL WORK TO ASCERTAIl WHICH 
POETIOT OF THE PLANT LOSES THE MOST WATER 
WHEN EXPOSED TO THE ACTION OF LIGHT.~-{i) Select 
a woody plant, and cut from it (i) a piece of stem which 
bears about four leaves, (ii) apiece of stem without leaves. 
(2) Take two large test-tubes with tight-fitting corks. 
Perforate the corks. Now fix in one the piece of 
stem, and in the other the leaf-bearing twig. If air 
should enter the stem it prevents the passage of water 
up the wood. Cut from the lower ends of the twigs 
about one inch, this must be done under water so 
as to prevent air from entering the stem. Nearly 
fill the test-tubes with water, and insert the freshly cut 
ends into the tubes. Fix them firmly in position and 
weigh. Place in a stand, and expose to light. The twig 
which bears leaves loses the most moisture. using 

the same apparatus perform the following experiments : (3) 
Weigh the tube in which the bare stem is fixed, and set in 
a stand. (4) Fix in the other test-tube two leaves, weigh, 
and place in the stand. At the end of four hours weigh 
again. The test-tube containing leaves has lost the most 
moisture, Tbe experiments which have been performed 
distinctly show that the leaves are the great factors con- 
cerned in the loss of aqueous vapour from plants. 
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108. -~PEACTICAI WOEK: TO PEOVE THAT LEAYES 
aiVE OUT AOTEOUS VAPOUE.—Obtain some Cobalt 
papers, or better still, prepare them in the following- 
niannef. Make a solution of cobalt chloride by dissolving 
a little in water. Dip into the solution pieces of unglazecl 
white paper, and allow them to dry near a fire. If the 
papers have been properly prepared they will be of a blue 
colour. Allow a single drop of water to fall on a small 
piece, it turns red. Cobalt paper can be used to prove 
that leaves give out moisture. Expose a piece of the 
prepared paper by gumming it to a green leaf which is still 
attached to a stem, in a short time it changes from blue 
to red. Select a fairly large leaf, and fasten pieces of the 
cobalt paper to both the upper and lower epidermis. The 
piece which turns red the quickest has been fixed to the 
side of the leaf which gives out the most w-ater. 

109. — PEACTICAL WOEK TO ASCEETAIH WHICH 
SIDE OF A LEAF OIYES OUT THE MOST AOUEOirS 
VAPOITE. — Select four leaves from an India Rubber 
plant. Weigh one, and set it in a tumbler or bottle of 
water. This is the control experiment, and as the leaf is 
under normal condition it can be used to test the following 
experiments. Now smear with vaseline, (i) the upper side 
of another leaf, (ii) the under side of still another leaf, 
(iii) both sides of the remaining leaf. Weigh them and 
set in water. At the end of twentyTour hours weigh 
again. This will enable certain conclusions to be deduced 
as to which side of the leaf loses the most aqueous 
vapour. 

110. -PEACTICAL WOEK TO ASCEETAIH THE 
STETTCTDEE OF A LEAF. — (i) Boil a few evergreen leaves 
in a five per cent, solution of caustic potash for fifteen 
minutes. Separate the parts in a basin of cold water, 
and examine with a lens or microscope. ( 2 ) Examine a 
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leaf of the Laurel in a similar manner. Prepare a set of 
notes describing the structure of the above leaves. 

IIL—PSACTICAL WORK TO SHOW THE STEHCTUIE 
OF STOMATA. — The student in performing Experiments 7:; 
and 1 10, will have obtained a general idea of the structure 
of a leaf, and he must now proceed to examine the appear- 
ance of stomata, (i) Bend over the first finger of the left 
hand a leaf so that the under side is upwards. Now raise, 
with a sharp knife, the outer skin or epidermis, and gently 
pull off a small piece. Place on a glass slide, and cover 
with water. Examine with a hand lens or microscope, A 
series of small openings will be seen, these receive the 
name of stomata, and from these aqueous vapour escapes. 
(2) The epidermis from the upper side should be examined 
in a similar manner. (3) The best leaves for the above 
experiment are those of the parallel-veined type, as the 
Lily, Hyacinth, Daffodil, and Lily of the Valley. 

112. — PRACTICAL WORK TO SHOW THe'dISTRIBII- 
TIOH OF STOMATA OH LEAVES.— Select branches from 
the Oak, Beech, Lime, and Elm. Plunge them in the order 
named into a dish of cold water, and gently shake. The 
parts which remain dry, contain the stomata, and those 
where the film of water spreads, have no openings. This 
shows that they must possess contrivances to prevent water 
from entering the stomata, and if a leaf is placed in w’-ater 
or the rain wets the leaf, it does not wet the parts so 
protected. 

113. — PRACTICAL WORK TO SHOW THAT OASES CAH 
ESCAPE FROM THE STOMATA,— (i) Fill a dish with 
boiling water, and plunge into it a fresh laurel leaf. 
Bubbles of air escape from the under side only. (2) Cut 
a fresh leaf from a garden primula, and place the blade in 
a tumbler of cold water, blow gently down the stalk of 
the leaf. Bubbles of air escape from the stomata. These 
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experiments not only show that air can escape from the 
stomata, but how they are distributed on the leaf (p. 71). 

THE! MIIFTE STEUCTITRE OF A FOLIAGE LEAF.—A 
foliage leaf is covered with both an upper and lower 
epidermis, and these enclose a middle portion which 
receive the name of mesophyll. As seen under the 
microscope, the mesophyll consists of a layer of elongated 
cells which touch the upper epidermis, and are known as 
the palisade cells. Most of the cells contain small green 
bodies, the chlorophyll corpuscles (p. 75) The lower 
epidermis is in contact with another layer of cells, which 
is known as the spongy portion of the leaf. Numerous 
cavities exist between the cells, and they open on the 
surface by means of the stomata. The spongy portion 
also contains chlorophyll, but because of the numerous air 
cavities the amount of green colouring is much less, and 
it gives rise to the usual pale green colour of the under side 
of a leaf. The mesophyll is supported by the veins which 
we considered on page 68. Numerous hairs may be 
scattered over the epidermis. The epidermal cells of the 
leaves of most flowering plants do not contain chlorophyll, 
except around the stomata, and only a single layer of cells 
enter into its structure. The following illustrates the 
structure of most foliage leaves. 

(1) An upper epidermis which consists of a single layer 
of cells : this is generally without chlorophyll, but stomata 
may be present. 

(2) A mesophyll which consists of an upper layer of 
palisade, and a lower layer of spongy cells. This is 
supported by the veins of the leaf (p. 68). 

(3) A lower epidermis of a single layer of cells, and in 
this numerous stomata are present. 

STETJCTTOE OF STOMATA.^The stoma is an opening 
between two cells which receive the name of guard celh^ 
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and it opens into a cavity known as the air-chamher 
(Fig'. 32). If the student has been able to see the prepara- 
tion of the epidermis of a leaf with the high power^cf the 
microscope (Experiment 74), the openings between the 
guard cells will represent stoma. The stomata are closed 
during the time the leaf is away from the light, but they 
open when it is exposed to the action of light. This 
explains why the leaves gnve out so much more moisture 
when exposed to light than when in the dark (Exp. 106). 

TRANSPIRATION’. — We have already noticed that 
plants lose weight when exposed to light, and that this 
is due to the escape of aqueous vapour from the stomata. 
The giving out of aqueous vapour by a plant is known as 
iranspiraiion. All plants transpire, and this enables them 
to lose much of the water which is taken up by the root- 
hairs (p. 63). 

HELPS TO TRANSPIRATION.—The leaves of plants 
which grow in damp places, such as marshes, have special 
contrivances to enable the excess of water absorbed by the 
roots to escape. The spongy portion of the leaf attains a 
great development, and the air cavities are very large and 
numerous. Aqueous vapour escapes from these cells into 
the cavities and out of the stomata. In some plants the 
spongy layer is developed to such an extent that the 
colour of the places where the largest number of cavities 
exist differ from the general surface, and the leaves appear 
to be spotted. If plants grow in the shade, or in swamps, 
they often produce very large leaves, e, g. Butter-bur and 
Cuckoo-pint. The large leaves carry more stomata, and 
this enables the plant to give out more aqueous vapour. 
In fact, the same kind of plant varies according to the 
position in which it grows ; the largest leaves always 
being produced when a plant grows in the shade or in 
water, and the smallest ones when growing in a dry place. 
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Floating leaves, like those of the Water-Lily, have the 
stomata developed on the upper side only, and this allows 
the aqueous vapour to escape into the air. 

HOW PLAITS PEEVEHT OTDIJE TMISPIEATIOI.- 
There are no end of contrivances by which certain plants 
prevent undue transpiration. The heaths which grow on 
moors and commons where the soil easily dries up, have 
their leaves rolled or bent so as to expose the least surface 
to the air. Numerous other examples can be seen where 
plants grow in sand-dunes, and in hilly districts. If grass 
plants grow in sand the leaves are bent or rolled, and this 
tends to prevent excessive loss of water. The hairs which 
grow in such rich profusion on some plants protect them 
from drying too quickly. Plants with succulent leaves, 
like the Plouse-leek, contain a large quantity of water, and 
so they prevent the rapid drying which is so dangerous to 
all living beings. 

CONCLUSIONS.— Transpiration is necessary if a plant is 
to grow and reach its Ml development. It is principally 
by the giving out of aqueous vapour that plants can lose 
the water which is in excess of their requirements. On the 
other hand, if the transpiration is more rapid than the root 
can take in water, the plant flags. To prevent a too rapid 
transpiration plants have numerous contrivances; these 
are 

(1) The leaves being rolled or bent. 

(2) The leaves being covered with hairs. 

(3) The leaves being thick and fleshy. 

When plants grow where it is damp, they generally pro- 
duce large leaves so that a larger surface is exposed to the 
air. This promotes transpiration. 
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THE COLOUR OF PLANTS 

COLOUE. — It seems probable that man has not alivays 
possessed the power of distinguishing beauty in colour, 
and that colour perception has been developed compara- 
tively late in the history of mankind. The discovery of 
the composition of white light, by Newton, gave the 
necessary impulse towards a study of colour. By means 
of the spectroscope it can be demonstrated that white 
light is made up of seven primary colours. These are — 
Red. Green, 

Orange. Indigo. 

Yellow. Blue. 

Violet. 

If white light falls on a sheet of white paper, it 
remains white because all the rays of light are reflected. 
On the other hand, if it falls on a red ribbon, it remains 
red because all the rays are absorbed except the red, which 
are reflected. This is also true of all the other colours ; 
they absorb all the rays except those like themselves, and 
these they reflect. The following table illustrates this in 
the case of flowers. 


Flowers. 

Reflect — j 

Absorbs — 

A red Rose . . . 

A yellow Marguerite 
A blue Cornflower , 
A Violet .... 

A white Convolvulus 

The red rays . . 
The yellow rays . 
The blue rays . . 
The violet rays . . 

All the rays . . . 


All the other rays in 
white light. 

f Does not absorb any 
of the rays in white 
[_ lights. 
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PIGMEFT IH PLAHTS. — It is common knowledge to 
all, that plants vary in colour, and that a red apple is due 
to pigment in the skin. The colour in plants depend 
upon pigments. Chlorophyll is the most common one, 
and we have dealt with the use' of this pigment in Chapter 
X. The pigments which give rise to blue, yellow, and red 
receive the name of anthocyanin. If the organ which con- 
tains the pigment is soaked in water, a coloured solution 
is obtained. Buttercups can often be seen that have lost 
their yellow colour, because it has been removed by the 
rain. This shows that the pigment is soluble in water. 
It seems probable that the colour of the pigment depends 
upon the amount of alkali or acid in the sap which per- 
colates through the organ. If a red solution be obtained 
by soaking a piece of red skin from the apple or the fruits 
of the Mountain Ash, and a few drops of caustic soda 
solution are dropped into it, the solution changes its 
colour. In a few cases the colours of flowers, roots, etc., 
may be due to coloured particles in the protoplasm, e. 
Beet-root. The selection by the pigments of the diflerent 
rays present in white light give rise to the variety of 
colour met with among plants. 

COLOTJE IN’ PLANTS. — The well-known Copper Beech 
contains chlorophyll, but it is masked by a copper-colour 
pigment. This is also true of the organisms which give 
rise to the phenomena of red snow, for high up in the 
Alpine regions large areas of the snow appear red. This 
is due to the immense numbers of a kind of Alga which is 
known as Hmmatococcus. It contains chlorophyll, and in 
addition red spots ; millions of these plants growing to- 
gether on the snow give rise to red snow. Numerous sea- 
weeds or Alg« growinthe rock pools around the coasts of 
Britain ; they may be red, brown and green. They all 
contain chlorophyll, but the red and brown contain red 
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and brown pigments. The colour of flowers are more or 
less associated with the attraction of visitors, but there 
may be other functions performed by the pigments. , This 
brief description of the colours found in plants sho\rs what 
a large field there is open fdr investigation, and one which 
will fully repay for the time spent in its study. 

HEAT AMB COLOIJE,. — The classical work done b}* the 
late Professor Tyndall on heat explained the relationship 
between colour and absorption of heat. For he distinctly 
proved that a dark object will absorb more heat from the 
sun than a light-coloured one. It is known to all well- 
informed gardeners and farmers that a dark-coloured soil 
will, other things being equal, be warmer when the sun is 
shining and produce an earlier and better crop than a 
less dark soil. The following experiments will make this 
clear. 

114 .— PEACTICAI WORK TO BETERMIM IE COLOUR 
HAS AHY IHELUEHCE OH THE ABSORPTIOH OF HEAT. 
— (1) Select a series of pieces of cloth of equal weight, such 
as black, brown, red, yellow, orange, blue, and violet 
Each piece should be large enough to cover a thermometer. 
(2) Place on a window sill a number of thermometers, and 
cover them with the different pieces of cloth. Allow 
them to be exposed to direct sunlight for one hour. Now 
remove the pieces of cloth from the instruments, com- 
mencing with the black one, and book down the observed 
temperatures. The results distinctly show that colour is 
a great factor in the absorption of heat. 

THE USES OF COLOUR IN PLANT LIFE.— If colour in 
plant life is as great a factor as in clothing, it can be 
reasoned that a red flower or fruit should absorb more 
heat than a similar white or yellow one. If this is the 
case, it will explain why numerous young leaves are 
coloured red, and why at a later period they become 
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green. The red colour may enable them to absorb more 
heat, and thus to grow quicker, but when growth has 
neariy*^ ceased the chlorophyll enables them to assimilate 
better than if masked with another colour. There is still 
another use that may be suggested for the pigment in the 
Copper Beech or in red leaves, that it protects the chloro- 
phyll from decomposition by the action of intense light 
It is well known to botanists that light is necessary for 
the production of chlorophyll, but if very intense it may 
destroy it. The leaves of the Butter-bur often show a 
different coloration on the under side of the leaf to the 
upper. For the side towards the ground may be of a pale 
violet colour, and the late Professor Kerner suggested 
that this may change the rays of light which pass through 
the leaf into heat. 

LIGHT AHD GEOWTH. — The influence of light on the 
growth of plants is one which has formed a fertile source 
of discussion among* botanists. Many parts of plants 
grow remarkably well in the absence of light, and under- 
ground organs have to do w'ithout its action. But it is 
also certain that all the exposed parts of plants must have 
light for healthy growth to take place. If the seeds of 
mustard are germinated in the dark, and the seedlings 
grow without being exposed to light, they are three times 
as tall as others which have developed in the light. This 
is only true for green plants, for the fungi grow even 
better in the dark than in the light. Another great factor 
in the growth of plants is the length of time they are 
exposed to light. Plants develop much quicker in moun- 
tainous districts where they receive light for several hours 
longer each day than down in the valleys. The author 
has often noticed that some plants flower earlier in the 
Lake District and in the Alps than in low-lying districts. 
LIGHT ABB THE MOVEMEHTS OE PLAHTS.— We 
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considered the movements of leaves in Chapter IX, and 
noticed that they arranged themsei\-es so as to obtain the 
maximum amount of light. When plants grow undTr die 
shade of trees, they are long and lanky ; the stems bCiig 
slender, and the leaves smad. if light produces curvature, 
and plants are equally illuminated on all sides, as under the 
shade of trees, they will grow straight. Window plants 
always show the action of light in producing curvature. 
Some parts of plants are attracted by the light, while 
others bend away from it. The student should make 
observations of the action of light on the growth and 
movements of plants and their organs. 

AUTUMlir TINTS. — Nearly every one must have noticed 
the change of colour which plants show throughout the 
year. In the early spring the delicate green of the larches 
is one of the wonders of the Lake District ; in summer 
they change to dark green, and this gives way in autumn 
to a variety of colours. This is equally true of tlic brackens 
on the moors, for the pale green of spring changes to the 
wonderful colours which can be seen in October and 
November. This is true of all plants except those where 
the leaves fall too early, as near towns, or in the case of 
evergreens. The following is a short summary of what is 
known as to the changes which produce autumn tints : — 

(i) The food materials in the leaves are rendered 
soluble, and removed into the stem of some other part of 
the plant to be stored up for future use. 

{2) The chlorophyll is either all removed from the leaves, 
or only some of it, and the remainder changed into Xan- 
thophylI~a yellow pigment. This pigment produces the 
yellow tints so often seen during October. 

(3) The chlorophyll may be removed slowly, and the 
leaves change colour so that greens, yellows, etc., produce 
a variegated appearance. 

9 
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(4) The red colour may be due to the formation of a 
new pigment anthocyanin which colours the sap red. 
From’ tills pigment all the various reds, orange, blues, 
etc., arise ; the change from one to the other depending 
upon the absence of acid or its presence in the sap. 

(5) The changes seem to depend upon the temperature. 
For during August or early September, when frosts are 
the rule, the change may commence, or at a still later 
period of the year. 
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t:ie floweriku flaxt 

A TYPICAL FIOWSPJIIG- .Aiain a a-i- 

crete idea of the slniciui'e aiiil fit notions ol' ilowerio;:,^ 
plants, it will save lime if we select r.nd study the siriic- 
tiire of one typical plant. lu'oni the observed diar .oiers of 
a type plant, we can draw certain inferc’nx'es of the char- 
acters of the group lo which it belongs. It is true that 
plants differ very much in structure, and that a type form 
always suffers from the number of exceptions discovered ; 
but, in spile of this, the method of studying types possesses 
many advantages. For instance, the number of different 
plants living" to-day probably exceeds ioo,ooo, and no 
ordinary man can afford the time necessary even to study 
representatives of most of the great groups. The number 
of persons are very numerous who \Visli for some know- 
ledge of plant life, without entering loo much into detail. 
The type method, which was introduced by the late Pro- 
fessor Huxley, enables one to gain a broad outlook of the 
plant world in general. 

In selecting a type to represent flowering plants, it has 
been necessary to choose a common plant, and one which 
can be obtained nearly everywhere. The Garden Pea 
seems to be well adapted, for seeds can be obtained at 
most shops, and at a cheap rate. They can be germinated 
and grown in schools or houses, with the minimum 
amount of trouble. Most gardeners grow them, and for 
over six months in the year they are common in gardens. 
It is also possible to pre^ifwve portions of the plant in 

iii 
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methylated spirits. We will now commence the study of 
the Garden Pea, and if there is any dilliciiily in oblainiiit^ 
specimens, the Sweet Pea or Bean can be sLibsti tided. 

115 .— PEAOTICAL WORK Tp ASCERTAIM THE EX~ 
TERHAL STRUCTURE OR THE GARBSH PEA. -Hie 
student should make out on the Pea plant the followim^*. 

(1) Hoofs , — The primary root of the seedling- has formed 
a tap-root, and it tapers downwards towaials llie apex, 
(p. 59). From this numerous secondary roots ^tow, and 
these carry tertiary roots. Both the primary and secondary 
roots have a series of root-tubercles i^rowinp; on them. 
In these numerous bacteria live, and they proiluce, from 
the nitrogen in the air, compounds which pass into the 
Pea plant (p. 303). 

(2) SteoL — Note the stem is slender, and it climbs by 
means of tendrils. It is round, hollow, smooth, and piile 
green in colour. Numerous compound leaves spring iVom 
the stem. 

(3) Leaves . — Tiie leaves are cauline, andalleinate (p. hh). 
Each leaf consists of from four to six leallets, and the 
midrib and some of its branches have been converted ink> 
tendrils. These probably represent the number of leallets 
which have been changed into climbing organs. At the 
base of each leaf, and sheathing the stem, a pair of large 
sfi/fuks will be found. The stipules arc outgrowths of the 
base of the leaf, and they may be mistaken for foliage 
leaves. Both the stipules and the foliage leaves are 
green, and they both take part in carbon assimilation. 

(4) Flotvers . — The flower of the Sweet I’ea is described 
on p. 7, and a comparison of this with the structure of 
the Garden Pea should be made. 

(5) Fruit . — The fruit is a pod, and it contains several 
seeds. These are fixed on alternate sides of the middle 
line of pod. In some cases one or two peas have not 
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developed ; they have either not been fertilised, or all the 
noiirisliment was sent to the other seeds, with the result 
that they deg-enerate. 

(6) SW(/s . — For the structure of the seeds, see p. 28. 
116.--PEACTICAI WORK TO ASCEETAIH THE IN- 
TSEIAL STRHCTITIE OF THE STElI.--(i) Select a piece 
of stem which carries two or three leaves, and with a 
sharp knife slit it lengthwise into two halves, so as to pass 
through the bases of the leaves. Note the vascular 
bundles ; they run up the stem and pass into the leaves. 
The nodes are solid, and to see the course of the bundles 
the soft material should be removed with care. Slit open 
the petiole of one of the leaves and trace the bundles into 
the Icjificis. The silvery-looking leaf-trace bundles will be 
seen to pass into the leaflets and tendrils. (2) It is evident 
that there is a connection between the bundles in the stem 
and those in the leallets. 

ir/.-PElCTICAL WORK TO ASCEITAIH THE IN- 
TERIAL STRUCTURE OF ROOTS. — (i) Slit up the 
primary root, so that the section made shall pass through 
the bases of a few secondary roots. Try and trace the 
vascular bundles from the place where the root joins the 
stem, downwards towards the apex. Note how they 
approach closer and closer together, until they unite to 
form a central ring. If possible follow them into a 
secondary root. {2) The only deduction which can be 
dnawn ftaun the examination of the roots, are (i) the bundles 
ill the secondary roots join on to those in the primary one, 
and these unite with lho.se in the stem. The leaf-trace 
bundles are joined to those in the branches and main axis 
of the plant; (ii) thus the whole of the vascular bundles 
of the plant arc united to form a definite vascular system, 
and through this water passes from the roots to the 
leaves. 
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118 .~-ntACTICAI WOEK TO ASCERTAIl THE 
STEHCTHRE OF THE LEAF. — {i) Remove n smalt 
portion the epidermis from the under surface of the 
leaf, and mount it in water. Note the appearance of the 
stomata and outline of the cells (Fig. 32). (2) In a 

similar manner examine a portion of the upper epidermis. 
How does it differ from the lower epidermis? (3) It is 
too difficult to prepare a transverse section of the leaf, 
but a general idea of the structure can be obtained from 
Fig. 32, and the description given on page 122. 

EEFRODHCTIOM. — The Pea plant is an annual, and the 
only way in which the life of that particular species can 
be carried on from year to year is by means of seeds. VVe 
have already noticed in a general way the processes which 
are necessary for the production of seeds, and it remains 
for us to study the process more in detail. 

STEHCTHRE 0 ? PISTIL . — The pistil of the pea consists 
of a single leaf, which is folded and united by the margin. 
It contains two rows of ovules, and these are fixed to the 
carpel along the ventral surface, so that they alternate, 

STEHCTHRE OF OVHLE.—Thc ovule of tlie pea is not 
so well adapted for examination as that of the “Black 
Bindweed” {^Pohj^onimn Convolvulus).^ for if sections are cut 
through the ovule, the structures shown in fi’ig. <S can be 
made out. The ohphcre is the egg-cell from which the 
embryo will be formed after fertilisation, and the two 
cells associated with it only guide the pollen tube when it 
enters the embryo sac. In the centre of the embryo 
sac a large nucleus is seen ; this forms the endosperm 
after fertilisation (p. 30). 

POLLINATION. — Nine of the stamens arc united, and 
the tenth is free. Butterflies, moths, and bees visit the 
flowers in search of nectar. A bee settles on the wings 
(p. 18) of the corolla, and this pulls the stamens outwards 
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so that they dust the visitor with poUeii. The bee passes 
on to another flower, where some of the pollen is deposited 
on the stig'ma. This process is known as cross-[K 3 liina- 
lion (p. 22). In some parts of Europe the edible pea is 
self-pollinated. 

FERTILISATION. — The pollen grains which iiave been 
placed on the stigma germinate, and pollen tubes are pro- 
duced. These grow down the style and enter the ovary. 
They are attracted by sugar towards the micropyle of the 
ovule, and one enters it and passes in between the two 
cells near the oospherc, or ovum. The tip of the tube 
opens and liberates the generative nucleus ; this unites 
with the ortsphero, and fertilisation is completed. 

RESULTS OE FERTILISATION.— After fertilisation the 
corolla and stamens fall off. The ovary swells up to 
form a pod, and the ovule changes into a seed. During 
the time that the above changes go on the parent plant 
has been busy collecting food materials and changing them 
into sugar, proteins, etc. These arc deposited in the 
ernliryo (in some plants in the seed), and thus the parent 
provides for the early stages in the growth of the young 
seedling. In fact, the life of the embryo depends upon 
the parent, and the thousands of generations of peas have 
all been connected together, the life being handed down 
from parent to offspring. The health of plant life depends 
for its continuation upon sexual reproduction, and if from 
any cause all the seeds produced by a single species of 
annual plant could be destroyed, that particular form 
would become extinct. 

LIFE HISTORY.— The life history of the Pea plant 
commences with the formation of the embryo, and 
ends with the death of the adult plant. This is shown 
on the following page: — 
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Adult Pea Plant 

i 

Produces Flowers 

I 

I ^ ‘ .1 . 

Stamens Pistil 

I . I 

Pollen Grains Ovules 

. I I 

Generative Nucleus Ousphere (eg-^'-sphere) 

I 

Oospore (egg-spore) 

Embryo (in the seed) 

.1 

Germination of seed 


Seedling grows into IVIalurc Pea Plant 
Produces Flowers <aiul Seeds 
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THE FERN PLANT 

GEIERAL VIEW OE EEACKEM FERl.-The fern 
plant which is selected as a type is known as the Bracken 
I’ern. It j^tows in woods, on moors, and heaths, and is 
very widely distributed in the British Isles. When it is 
viewed in its native haunt, the only portions which can 
be seen above ground are the large branching, leaves or 
fronds. They may stand several feet high ; each one con- 
sists of a centra! stalk from which numerous branches 
arise, and from these leaflets spring. If the soil is re- 
moved from the base of the leaves, there will come into 
view an underground stem — the rhizome. It is long, 
branches, and creeps along beneath the surface. Nu- 
merous rootlets spring from it, and these parcel out the 
soil. The bases of numerous old leaves will be seen, and 
by means of these the amount of growth can be measured. 

119,- PRACTICAL WORK TO ASGERTAIK THE EX- 
TERHAI STRUCTURE OF THE RHIZOME.-Select one 
rhizome, rutd carefully examine it. (i) Note the colour of 
the rhizome, and the bases of the old leaf stalks. (2) Find 
the apex, it is conical, and in the slight depression at the 
apex there is a growing-point. (3) Examine the base of 
one of the leaves of the current year. Buds may be seen 
to spring from it. (4) Examine the adventitious roots, as 
they arc called, because they spring from the rhizome. 
They are scattered over the surface of the rhizome, and 
do not appear to grow in regular order. The rhizome is 
of a dark brown colour, due to a layer of brown material 
^yhich covers the whole of the stem, 

M7 
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130. -PRACTICAL WORK TO ASCERTAIN THE IN- 
TERNAL STRUCTURE OF THE RHI20ME.-(i) Cui the 

rhiz(5n>e transversely, and examine the cut surface, There 
will be seen — (i) an outer dark band of material which is 
known as the outer sclerenc/ijana. (ii) A more or less 
light-coloured gTOund mass, wliich consists of gToiincl 
tissue, (iii) Scattered masses of dark sclerenchyma. which 
help to strenglhen tlie rhizome, (iv) Several oval or 
roundish-shaped vascular bundles of a yellowish colour, 
(v) Two thin places in the outer layer, these arc ktmwn 
as the lateral lines. (2) Cut a longitudinal section of the 
rhizome, and note (i) the outer sclerencln ma, (ii) The 
white ground tissue, (iii) The scattered masses of dark 
sclerenchyma which run lengthwise through the stem, 
(iv) The yellowish vascular huiullcs wliich also run length- 
wise. (3) Treat a section with iodine solution. This will 
show the distribution of starch. 

121. --PEACTICAI WOEK TO ASCEETAOT THE 
STETJCTUEE OF A E00T.--{r) Carefully examine a root 
which is still attached to the rhizome. 'Ihus can he done 
by dissecting away the substance of the rhizome so as to 
expose the place where the root originates. The roots of 
ferns develop from the outer layers of the rhizome. 
(2) The root branches and grows by means of an apical cell. 

122. --PEACTICAI WOEK TO SHOW THE STEITC- 
TTJEE OF A LEAF. — Obtain a leaf of the bracken fern, 
and make out the following parts: (i) The leaf is com- 
pound and green, (i) Cut across the stalk ; the vascular 
bundles, etc., are arrangements on the s.ame general 
plan as in the rhizome, (ii) The upper surface is of 
a deeper green than the lower. (2) Tear olT a small 
portion of the lower epidermis, and mount in water (p. 
71), Note the characters of the stomata, and that the 
cells of the epidermis contain chlorophyll. (3) Prepare 
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in a similar manner a portion of the upper epidermis. Its 
structure differs from the lower surface in having- no 
stomata. (4) if a transverse section of the leaf gafi be 
obtained, and examined by the microscope, the structure 
will be seen to be essenliallj similar to that of the flower- 
ing plant. (5} Remove the end from a young frond or 
lenf, and note that its growth in length is arrested. This 
shows ihat the giaAvth in length is due to a growing-point 
at tlie apex of the Iroiid. 

EEPROBIiCTiOn OE THE BEACKEl FEEH.-If the 
edges of the ksaves of the Bracken Fern are examined, 
during summer, some of them will be seen to slightly turn 
up, .and beneath them long brown bodies will be seen. The 
edge of the leaf is known as the ifufusium^ and the brown 
object which it co\-ers is a soms. Thus the indusium pro- 
tects the sorus from injury. Each sorus is placed on a 
swollen portion of the leaf which is known as the placentff. 
The sorus contains a number of sporangia. A sporangium 
consists of a stalk on the top of which is a more or less 
elongated head, which contains numerous brown spores. 

123.-- PRACTICAL WORK TO ASCERTAIN THE 
STRUCTURE OF SPORANGIA AND SPORES.— (i) Re- 
move from the edge of the Fern leaf a little of the brown 
material and mount in water. Cover and observe. Nu- 
merous sporangia will be seen, and round the wall of each 
a nciLi'ly complete ring of cells will be clearly seen. This 
is known as the annulus. The sporangium is united to 
the placenta by a stalk which is known as the pedicle. 
(2) Sketch .and mark on it the pedicle, annulus, and 
.spores. (3) Run beneath the cover-glass a little glycerine, 
C)bHerve and note — (i) that as the glycerine reaches the 
sporangia, they break open and liberate the spores, 
(ii) 'fhey break open, in every case, at the place where the 
annulu.s is incomplete, and the portion of the head moves 
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about as if endowed with life, the spores heinpf scattered, 
(iii) The spores luivc a definite shape. Show this by a 
sketelv 

SUMMARY OF STETJCTURE OF SORTJS. The s()riis 
is on the under side of the Fern leaf, and the edi^e of this 
protects it from injury, hhicli one contains a numher of 
sporangia. A sporangium consist. of a pedicle or stalk 
on which is fixed an elongated head. 'The annuKis is a 
rim of cells which nearly encloses the head i>f IIk* sporan- 
gium, and the weak place in this causes the herul to break 
open when the pressure varies. The spores .are produced 
inside the .sporangia, and it not only protects them, but 
aids in their distribution. 

THE ORIGIN OF THE SPORANGIUM. A single cell 
from the under side of the fern leaf grows outwards, and 
this is cut off by a wall. This divides into two colls, the 
bottom one by its development produces the pedicle, and 
the upper one divides again into a scries of cells, 'I'hc 
outer layer of these by division build up the annulus and 
wall of sporangium, and an inner layer forms the tapeliim. 
From the central cell, the whole of the spores are pro- 
duced. It divides into a number of molher-sporc cells, 
and each of these form by division four spores. 

THE SPORES.- -If amass of protoplasm divides into a 
number of spores, they are .said to he ustw/ni/, in con- 
tradiction to where a spore is formed by the luVion of two 
mas.scs of protoplasm, when they are sexual sjiorcs, 'I'he 
fern spores are ascxmxL Each spore is a cell, and it con- 
tains a nucleus (p. nr). The differences and resemblances 
between spores and seeds arc shown below 

(1) The spore is imieellular. (1) The seed is multicellular. 

(2) The spore does not contain (2) The seed contains an em- 

a young plant or em- bryo. 
bryo— -the prothaUns. 
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(3) Tlie spore will produce a (3) Tlieseed will give rise to 
plant —tile protiiallns. a plant, or the emhryo 

will develop into a 
seedling*. 

124. -PRACTICAL WORK TO ASCERTAIIT THE 
METHOB OP BEVELOPMEIT OF SPORES.— Place a 
few l’'’crn leaves durinj^ AugfusL or September in a paper 
bag', aAid allow Ihe^n to hang* up for a few days in a warm 
room. Shake the bag, the spores lall out of the sporang'ia, 
and they will be found at 
the bottom of the bag* when 
opened. Scatter these on a 
damp tile, brick, or some peat 
in a plaiil-pot. Keep moist, 
and watch devolopmemt. The 
surface of the tile or peat at 
the end of several weeks will be 
covered witli a g'reen growlli. 

This consists of young pro- 
thalli, which is the mime given 
to the plants which Ahe spores 
produce. 

125. -^-PRACTICAL WORK 
TO DISCOVER THE STRDC- 
TTJRE OE A PROTHALLXJS.— 

(i) Obtain from a gardener a few prothalli. These can 
be found growing on the walls, plant-pots, etc,, in a 
fernery. Examine one. It is more or less heart-shape 
and green, and about ] of an inch in diameter. A 
prothallus consists* of a flat plate of cells : that this is 
the case will be seen if it is mounted in w^ater, and ex- 
amined by the aid of the microscope. Note the numerous 
hair-like bodies which grow from the under side. (2) Ob- 
serve the under side of the prothallus with the microscope. 



1 1 | ' 



Fu:. 41.— iJiuyi.Liu showing 
unclor sidt: of prothallus of 
l<'ern, magnified about ten 
times. a/“, archegonia; tm, 
anUicridia ; 1', ruoL-hair.s. 
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The central portion consists of several layers of cells ; on 
this there will be seen (i) a number of rotuided bodies 
among- the hairs, and (ii) a few elong-ated bodies towards 
the inuenled part. The rounded bodies recei\ c the name 
of antheridia, and the elongated ones are archegonia. 

THE PEOTHALLITS. — The prothallus is formed by the 
germination of a. spore, and 
on the lowe'T surface rej?troduc- 
tive bodies wiiich are known 
ajiilh'n'iiia and are 

developed, (h'igs. ...|2 43-) 

THE AITHEEIMUM,- -An 
antheridium is the nude organ 
of reproduction, and it grows 
among the hairs or rlnzoids. 
Each one consists of a waJl 
'which is made up td’ three cells, 
and the centra! cel! divides up 
to form mother s/h'rfnai,K^oid 
cells. Changes take place in 
the contents td' a niotlier sper- 
matozoid cell, and a single 
motile body is formed, tiui 
s/fermaiorMhi or (Ddhcro'ioiii. 'The 
antheridium, in the presence 
of water, bursts open, and 
the spermatozoid swims in it 
by the action of cilia. A spermatozoid consists of a 
flattened band of protoplasm, which is bent in the form 
of a corkscrew, and numerous cilia enable it to move in 
water. The antheridium is said to be the male organ 
of reproduction, because it produces a motile cell, the 
spermatozoid, which is the active agent in reproduction. 

THE AECHEQ-0HI1JM. — ^The archegonium is the female 
organ of reproduction, and its former end is deeply sunk in 



Fkj. 42. — A siiii^lo iinthcridium 
lihcratinj^ spcniiaLozokls. /, 
cells of protlinlluh ; e, an- 
therklium ; sjicrnuito/oid.s ; 

a small bluddcT vv'hicli 
contains starch. (Very highly 
magnified.) 
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the body of tlic prolhalliis. It is elongated, and its walls 
are made up of three rows of cells; these enclose a central 
row of cells. The knver of the enclosed cells is known as 
the olhphcrc, or ovin/i ; it is in reality an egg-cell, hence the 
name. The upper portion -of the archegonium contains 
neck-canal cells, and below these a ventral canal cell 
exists. The odsphere is a passive agent in reproduction ; 
when the archego^ia Is ripe, the cells in its neck absorb 
water, and are converted into mucilage. The pressure of 
the mucilage bursts open the top of the archegonium, and 
some of it protrudes. 



I' Hi. 4;5, ./, ycMKig of l’Vni--clu.sct!. A*, an tjpen arclio- 

jMiiiiinw ; A"i iiiH’l. can.tl fulls; A”', vciUral cuiuil cells; t*, ytmng 
oosplicio. (lliglily ju.igiiilii.‘f!. ) 

FEETILISATION. - Tlie union of the spermatozoid with 
the o<lsphero is known as fertilisation, and thi.s .always 
takes place under water. When the antheridium breaks 
open, llie spermatozoids swim in water, and they are at- 
tracted to the archegonium by malic acid^ which acts in a 
similar manner to the sugar in the ovule of a flowering 
plant (p. 30). That malic acid is the attracting medium 
can be proved by placing a very small glass tube which 
contains a little malic acid in the water in which sperma- 
tozoids swim, for they enter the tube. The spermatozoids 
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make their way th rough the mucilage, and one of them 
unites with the oosphere. 

EESULTS OF FEETILISATION.— The tkesphere by ferlifi- 
sation is changed into an oospore or fertilised egg-cell, and 
this surrounds itself with a cell-^wall, ft then divides into a 
number of cells, some of which form the first root, the stem, 
and growing-point of leaf, "rhere is also produced frt>m 
the embryo a group of cells which unite 'Ihe young pjant to 
the prothallus. This is known as and it abscirbs food 

from the parent until it can kiok after itself. The prothallus 
dies away, and the young Fern grows into an adult plant. 

ALTEEHATIOH OF GENEEATION. --The reproduction 
of the Bracken Fern, like other ferns, shows an alternation 
of generation. By the “alternation of generation ’’ we 
mean that there arc two generations in ihe life history of the 
Fern. The Fern plant is known as the sponfpIiyft\ or spore- 
producing plant, and its spores when they germinate give 
rise to the prothallus, the oophyte or egg-bearing plant. 
The sporophyte is the asexual generation and the otiphyle 
the sexual. They alternate, .as we have seen, in the life his- 
tory. The following tabular arrangement illustrates this, 
THE PROTHALLUS OR SEXUAi. GENIHTXTION 
bears 

Antheridia (male organ). Archegunia (female organ). 


Spermatoza (motile cell). Oo.sphere (egg'-sphere or cell). 


These unite to form the Oospore (egg cell or fertilised cell). 


This develops into the Sporophyte (asexual generation). 
Sporangium 
Spores 


Prothallus (sexual generation). 



CHAPTER XIX 


CULTIVATED PLANTS AND COMMON TREES 

THE STRUGGI^ FOE, EXISTEICE AID lATHEAL 
SELE0!riOM. — Tliat there is a struggle for existence among 
wild plants is well 
known to all per- 
sons who have con- 
sidered how they 
live; for the area of 
the globe on which 
land plants can live 
is only of limited 
extent, and from 
this all such plants 
have to obtain their 
food. In any given 
quantity of soil there 
is only a compara- 
tively small amount 
of plant food, and 
the plants which live 
in this soil have to 
divide it between 
them. If there arc 
more plants living 
with their roots t'Ka 44.-~Klo\VL‘r, hiul, fruit, anrl stamens 
fixed in the soil than I’^’PPy- 

there is food for, 

only those which have some advantage over their fellows 
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can hope to survive in the struggle which must take place 
for food. The ones which are able to produce seeds, and 
endow their offsprings with the greatest vitality" will be 
the most likely race of plants to survive in the struggle 
which goes on for existence.<> In addition to the limited 
amount of food in the soil, plants have a tendency to 
produce more offsprings than there is room for, and this 
makes the struggle for food, etc., wery keen. There 
arises from this process what the late Charles i^arwin 
called Natural Selection.' ’ This means that nature 
works in such a way that only the best-adapted individuals 
come to the top, and that the others are squeezed out of 
existence. It does seem very hard that such a thing should 
go on in every plot of land, but, nevertheless, it is perfectly 
true that nature has no sentiment, and only those plants 
which can adapt themselves to the changed conditions of 
life can hope to survive. If the student will only count the 
number of plants living, say, in a square foot of soil, he 
will be able to understand how keen is the struggle for 
existence, and that there must arise from this what is 
called Natural Selection. 

VAEIATION".^ — There is a constant tendency for the off- 
spring of any pair of individual plants to vary. This is 
well shown if a number of fruits from a typical plant are 
carefully saved, and the seeds which they contain are 
germinated : some of the adult plants will most likely vary 
from one another, and from their parents. The gardener 
often calls the plants which vary from the original type 
“sports,” and in many cases these may form valuable 
breeds of cultivated plants. No two plants are exactly 
alike in external appearance and internal structure, and 
this is what we mean w’hen we speak of variation. The 
reason why plants vary is not fully understood at present, 
but it may be largely due to adaptation^ to environment or 
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surroundings. The variations of both cultivated and wild 
plants ^may be due to stimulation of the protoplasm by 
new factors which arise from new conditions. •Thus 
changes in food supply, amount of light or heat received 
must be factors that alter »both the vegetative and repro- 
ductive organs of plants. From experiments performed 
it seems that new races of plants may appear at once as 
mutants, or spoils, or they may be produced by the 
accumulation of small variations. The former view is held 
by De Vries, and the latter by the late Charles Darwin. 
It seems probable that both of the above theories may be 
correct, and that new species may arise as mutants, as in 
the case of the experiments carried out by De Vries, or 
they may be due to the accumulation of small variations 
which are favourable to the plant in the struggle for 
existence. 

HEREBITY. — Both plants and animals inherit from their 
prfrents certain characters, and this is what is meant when 
we speak of heredity. If any advantage which a plant has 
over its competitors can be handed down to its offsprings, 
there is no doubt that this will give them a far better 
chance in the competition for food, etc. All biologists are 
agreed that heredity i.s a fact, and the discussion only 
takes place on how it is brought about. 

CULTIVATED PLAETS.— The plants which grow in a 
garden live under very different conditions to wild plants, 
for there is no struggle for existence, as the gardener 
carefully remove.s all weeds, and prevents overcrowding. 
Weeds are produced from the seeds lying dormant in the 
.soil, or from the seeds which find their way on to the 
garden by the action of the wind or animals. Thus a 
turnip growing among cabbages would be a weed, but if 
growing among plants of its own kind would not be a 
weed. The gardener also selects those plants the 
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characters of which become nearesl to his ideal of what 
the plant should he for seed production, and iti tjiis way 
he tap obtain better-developed and more productive 
varieties. In most cases, the soil is well worked, drained, 
and plant food is mixed with il'^as manure. 1'iius cultivated 
plants are spared all the uinicullies which their wild 
relations have to contend with, and uilh the exception of 
parasites which ma_v prey upon thesnT their life is \-ery 
uneventful. 

REVEB.SICH.— On the other hand, the ^'ardener must 
always be constantly on the watch for “ reversion,” hir 
cultivated plants have a tendency to rev\-rt to the ancestral 
type. This is owinj^ to the selection of clairact ers which 
may not be for the benefit of the plant, hut onl}' adds to 
its value as a ves^ctable or for ornamental purposes. It is 
also true that g'arden plants are more likely to fall victims 
to parasites than their wild relations, d’hey arc a.lso not 
so well adapted to withstand keen competition Jis wild 
plants, for in a ne^'lccted i^'arden the wild ftnuns simply 
drive out the cultivated ones, or tlie hitter are so incHliIled 
in the strugj^dc that they revert to the wild form. Hie 
.student should examine any disused i^'arden, and nolo wiiat 
plant.s have become dominant. 

THE OEIGIH OE CHITIYATEI) OE HAEDEH PLAHTS. - 
All the garden plants have been produced by selection from 
wild forms, and I)c Candolle ^ Inas traced the origin of most 
of the plants which man cultivates for food. It is true that 
the origin of the cereal grains has been lost in the anfiiiiiily 
of the race, but they cannot be an exception tc» the rule, 
that from wild plants all the cultivated ones have arisen 
by careful selection and attention. I\fan ha.s not only 
selected certain wild plants, and from these by careful 
selection have come all the numerous fmans of cultivated 
^ Qn^inaf CuUmikti tlants. 
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platits ; hul new varieties of seeds and fruits are constantly 
being' l^roduced. The various forms of wheat which 
I armors now cultivate give a far greater prodiiqi Than 
those used a century ago. 'This is also true of potatoes, 
iiirnips, beet, cabbage, rhiit)arb, etc. 

limi CULTI¥ATEB PLAITS DIFIER FROM WILB 
PLAWTS. —Carden plants have a tendency to produce 
double^ dowers, and they vary in colour from their wild 
prototypes. Wild wallOowei's are yellow, and have 6 
stamens (2 short and .j long), but the garden ones are 
reddish hrowfi, and the short stamens tend to become 
long. I'he cultivated roses have been produced from the 
wild rose, and the numerous petals of the former are the 
resuh oi' the stamens a.nd carpels being converted into 
pelais. liiven wild roses can often he found which have 
above the normal number of pel(ds. This is also true of 
most garden plants, for in the cultivated daisy the tubular 
llorets of the disc have become ligulate like those of the 
ray. 'I'he student should take every opportunity of 
examining garden plants and compiire them with the wild 
forms. Garden plants not only differ in colour, etc., of the 
llowcrs, but the foliage leaves and stems have a tendency 
to grow larger. This is due to the more abundant supply 
of food, etc. 

COMMON TREES. — In Chapter VI, wc have considered 
the structure of some common buds, and the characters of 
these will enafde the Horse Chestnut, Sycamore, and Lilac 
to be recognised during winter and early spring. If the 
student learns to recognise the above trees in winter, and 
will carefully examine them during summer, there will be 
no dillicuity in distinguishing such trees no matter where 
they may grow. The Ash can always be recognised by its 
light-coloured bark and black buds, and in many cases 
even during winter and early spring clumps of fruits may 
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still adhere to the branches. The foliage leaves .are 
compound, and the flowers are produced while thotree is 
destitute of leaves. The Oak can always be disiin^i^uished 
from other trees by the shape of its folia^i>fc leaves and the 
way in which it branches. 'The student should make a 
practice of noting" the characters of the trees which gTow 
in his district, for it is only by work in the field that a 
practical acquaintance can be obtained of common ^iritisli 
trees. 
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PLANT SOCIETIES 

WILB PLAFK. — If the plants which grow on moors, 
heaths, mountains, hedgerows, sand-dunes, waste lands, 
and neglected gardens are examined, they will be found 
to live together in communities or societies. In all cases 
where man does not interfere with the growth of plants, 
such societies are common, and Professor Hasckel has 
proposed that the study of plants and animals in their 
native haunts should be known as Ecology. The student 
can find numerous examples of such societies near his own 
home, and there is no more fascinating study than that of 
wliy very different plants live together in particular 
localities. In one place there will be found growing 
together the Stinging Nettle and the. White Deadnettle. It 
seems probable that the Stinging Nettle protects its 
companion from being eaten by animals, and they may 
also afford shelter from the cold winds of spring or the 
intense heat of summer. On heaths and moors the Gorse 
and Ling live side by side, and this may be due to the dry 
conditions of the soil being favourable to their full 
development. On mountain slopes, a society of Brackens 
may be seen, the fronds of which stand nearly six feet 
high, and very little else can live under the shade of the 
closely growing aerial parts of these vigorous plants. In 
the month of April and May, some ponds are white with 
the flowers of the Water Crowfoot. If a plant is removed 
from the water the leaves which are entirely submerged 
will be found to be dissected or very much divided, while 
IS! 
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the floatinj^ ones are more or less reniforni. 'This seems 
to show that different conditions or environiiienis p/oduce 
changes in the foliag-e of plants. If the pond dries up, the 
submerged leaves die, but the lloating* ones enable the 
plant to live for a considcrable-rlength id' time. 

THE KINDS OF WILD PLANTS.- In addition to the 
classification of plants given in Floras, they can also he 
arranged into four classes according ‘to the coiulilioas 
under which societies are formed. I'hese are : 

Kinds of Society', 

XcrophyLos . . , 

Mesophytos , . . 


Hygi'ophyles . . 


Hydrophytes 


KEKOPHYTIC SOCIETIES.-^PIants which can tvithstand 
periods of drought are known as A\7v/>//y/t.’s, and they 
form societies on moors, heaths, sand-dunes, dry banks, 
and slopes of hills and mountains. Xerophyles arc 
especially adapted to prevent loss of water by trans- 
piration, and this is prevented in the Gorse by the 
development of branches and leaves into spines. The 


Conditions OF : lo 

CiiunvTii. ! lv.AMn.i..s. 

Mdoi's, lK‘aUis,s.'UKl* (.'un'so, lirooiu, !Srackt*ii, 
dunes, and .'ill dry ' 1-iehi‘ns, Lin_‘4', i'rmv- 

plaoi‘s. I berry, IJiihisry, Pines, 

j etc. 

Woods, pastun-s, | Oak, iChn, Ik ech, Syr.-i,- 
meadows, go*- i natre, J ioi se Chesinut , 

dens, and arable i .\sh, many (Irassos, 

land. I Ckner, Floppies, Coiai- 

I Cockel, Arum, t;lc. 

Marshes, bi>gs, sidi‘s > I’ileworl, Marsh i\Iai'it>t>!d, 
of ponds, lakes, i Iris, t'orgh me nth, 
ditches, and damp ; Mint, Club Moss, Mts'i- 

ground. i dowsweef, Mare'shail, 

j Loososfrile, many Wil- 

I low ! ier])s, etc. 

Ponds, lakes, rivers, i Pilewort, Purwetid, Dnck- 
ditches, tarns, and : weed, Poiuhveed, Water 

.stagnant water. > CrovYlt)th, Wkifer Pirn- 

nel, WaU'i' Mililhil, 
Waiter Slarwori, ett;. 
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siudi'iii should notice the structure of xerophytes, and 
ll'ie foilowin^ is an outlii^e of what to look for ; — 

( 1 ) Is iiic plant covered with spines, and if so, are they 
produced from branches or leaves, or both ? E. Gorse. 

(2) Is the plant niudira;d so that the leaves are small, 
and is l!ie stem ^'reen and wiiig-ed ? E. Broom. 

(3) .\re the stem and leaves Hcsliy, and do they contain 

cavil ies ? i^^edijm. 

(.1; Are the lea\'es laillcd so that the under surface 
which bears the stomata ?s enclosed in a cavity ? E. g. 
CrnwheiT)-. 

(5) Do the leaves ht into each other, so that during 
drought or cold weather the minimum amount of surface 
is eispmsvd to the atmosphere ? E.g. Ling*. 

(r>) Are Hie leaves needle-shaped ? E.g. Firs. 

(7) Are the leaves evergreen and thick? E.g. Holly. 

(S) Are the leaves very much divided? E.g> Sweet 
^'icel}'. 

'Fhe cmiditions under which the above plants grow 
have modified them in such a way that the minimum 
amount of water will enable them to exist, and it is very 
jirtibablc that the habit of the Gorse of llowering twice 
year -in iMarch and September — depends upon the rainfall 
or available waiter. Different plants have adopted different 
means of preventing loss of water, and if the seeds of 
xerophytes germinate in damp soil, the stems and leaves 
of the seedlings are much modified, and the spines are 
much reduced or entirely disappear, leafy shoots taking 
their place. This is well illustrated by examining the 
Kesl-harrow, for if it is growing in dry soil, the spines are 
vet*}' numerous, hut in damp soil well-developed branches 
and leaves arc produced. 

MESO?HYTIC SOCIETIES.— The plants which come 
between the xerophytes and hygrophytes are known as 
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mesophytes. There is no sharp line between mesophytes 
and xerophytes on the one hand, or between the former 
and hygrophytes. A plant which is a mesophyte under 
certain c&nditions may become a xerophyte or hygrophyte 
when the environment is favourable. Mesophytic plants 
have thin leaves, which bear numerous stomata, and they 
“can give out large quantities of aqueous vapour. The 
common grasses of meadow's and pastures, woody trees, 
such as Oak and Beech, are mesophytes. The stuclent 
should proceed to examine the structure of such plants. 

HYGROPHYTIC SOCIETIES. — The plants which love 
moisture are known as hygrophyfes^ and they live along 
the margin of ponds, lakes, rivers, canals, marshes, and 
bogs. The primary root is arrested, and numerous 
adventitious ones are developed, and the leaves are often 
smooth. This condition is well illustrated by some of the 
Forget-me-nots, for when growing on dry land they are 
hairy, but when living along the edge of a pond the hairff 
arc lost. A true knowledge of the external structure of 
such plants can be obtained if the student will carefully 
examine such plants, and make notes of any modifications 
liiet with. 

HYDB.OPHYTIC SOCIETIES.— When plants live in 
water, they are known as hydrophytes, and their structure 
differs widely from the other plants which we have studied. 
Their stems are slender, and the vascular bundles are 
not well developed, for the water supports the plants 
and thick strong stems are not required. Submerged 
leaves are generally much divided, and they contain no 
cuticle nor stomata. The floating leaves have the stomata 
arranged on the upper or exposed surface. Root-hairs are 
not developed, for all parts of the plant can take in water, 
etc. The structure of such plants should be carefully 
examined, and modifleations looked for. 
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THE STUDY OE Pi.ANTS IN THE FIELD 

FIELD W0B.&1. — There are few departments which deal 
with plant life that offer such a variety of topics for con- 
sideration as work in the field. The experience gained in 
the lecture-room and laboratory have laid the foundation 
upon which a sound knowledge of the identification of 
plants can be built. The subject can be pursued with a 
small outlay, for the necessary apparatus can be obtained 
for half-a-crown. These consist of hand lens, which will 
magnify four or five diameters, a knife, a pair of forceps, 
and a few pins. Thus equipped, the student should 
c'ollcct plants, and by means of a flora try to discover 
the names and characters of the common plants which 
grow in his district. 

FIOEA. — The word //{?m was introduced by the great 
Swedish naturalist Liniiteus, for a catalogue of plant3^ 
To-day, we commonly speak of the British Flora, but this 
may mean (i) the whole of the plants living in the British 
Isles, or ( 2 ) a book in which they are described. The 
word can also be used in the following way. Each county 
possesses a collection of plants, and these differ somewhat 
from those found in other parts of the country. Thus the 
flora of Bedfordshire consists of the whole of the plants 
living in that county. What is true of each county is also 
true of each field, sand-dune, marsh, meadow, and lane. 
In this way it becomes possible to speak of the flora of the 
sea-shore, mountain, bog, or marsh, etc. The floras of 
to-day are the descendants of the floras of the past. For 
iSS 
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each period in the history of the earth has possessed a 
flora which can bo disling'uished from all other pet'iods. 

HAKES OE PIAl'TS.— ]\fost plants receive common 
names, but these differ in different localifies, and much 




Fig. 45. — Compusile llowcrs. On the left is shown u hciul of liiriilulc 
flowers, and on the opposite side the ray and <lisc fhnvt'is on the 
same head. The smaller fij^ures repiesent sinj^lc flowers. 

confusion arises in the mind of young* botanists from their 
use. For instance, the Gorse is known as Whin or Furze, 
and, unless these names are known, one person may call 
it the latter name, and the person to whom he speaks 
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may not know the plant by this name. To overcome this 
difficulty, botanists give to each plant two names : the 
first name is known as the genus, and the second the 
species. Thus the Corse is known as Ulcx, and this re- 
presents the genus ; but tljerc are two plants which belong 



Fic. 46.--Fi(i\Vfr nf Iiis, :->hi>\vin[4 the 
nonil U*a,\os. 'I’iic ilnml U-avi's mu 
urrangud in two ^u^\.s df tliruu each. 



Fh!, 47.— Flow ut of Ins. 
Th<.' outer leiivus of the 
flMwer liiuu ljuun re- 
iiiiivud to show the 
leaf-like stigmas and 
a single stamen in 
front. 


to the genus Ulcx, and to distinguish them each one is 
given another name which is known as the species. 
Thus Ulex curopjcus is the largest gorse. 

,, Ulcx n'cinus ,, .smallest gorse. 

The student will sec from Ihi.s that a number of species 
arc grouped to form a genus because they possess some 
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characters in common. This will be rendered clearer by 
the following table : — 

Genus. Species. Common name. 

Lamium Purpureum Purple Deadnettle. 

,, Album Whife ,, 

,, Galeobdolon Yellow i\rchangel. 

Pyrus Communis Wild Pear. 

,, Malus Wild or Crab Apple. 

,, Torminalis Wild Service. 

>) Aria White Beam. 

,, Aucuparia Mountain Ash or Rowan Tree. 

HOW TO IDENTIFY PIANTS.~^The student should 
obtain a good British flora, and, when opportunities occur, 
plants should be collected and by means of the structure 
of the plants their position in the vegetable kingxlom 
should be obtained. 
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A GExNiERAL REVIEW OF PLANT LIFE 

BIYISIOM OB XAB 01 JR. — In iv,busy workshop the labour 
lone is divided up among’ many^nen, each man performing 
i special kind of work, or division of labour is the rule. 
The work being divided up in this way enables a man to 
3CCome a specialist in one department. There is a similar 
livision of labour among the organs of one of the higher 
Dlants. Take the case of an oak tree, where — 

(1) The roots fix the tree in the soil, and absorbs from 
t water and minerals. 

(2) The stem supports the leaves, and connects them 
ivith the root. 

■* (3) The leaves represent a laboratory, where sugar is 
produced from carbon dioxide and water. 

(4) The flowers are concerned with reproduction, and 
the formation of seeds. 

Each special organ performs a different kind of worl 
and the life of the plant depends upon each one being 
capable of carrying out its allotted work, Unicellular 
plants do not show as complete a division of labour as 
Multicellular ones, but it exists even in the case of haema- 
tococcus. (i) The red colour helps to absorb heat, so 
that the average life of the plant is maintained at a higher 
level. (2) The cell-wall protects the protoplasm from 
injury. (3) The chlorophyll helps in the formation of 
sugar. (4) The nucleus starts the division of the cell, 
by which means reproduction takes place. 

WATEB ITECESSAEY FOE PLAIT LIFE . — The active 
life of plants can only be carried on where they are supplied 
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with water. In its absence, growth ceases, and the plant 
either dies or become dormant. The following is a 
summarj^, in the form of a table, of the work performed 
by water in the plant world : — 

(1) Water is the medium by which food enters the plant. 

(2) Water enters into the composition of the protoplasm, 

and all the organised structures found in plants. 

(3) Water is necessary for the growth of plants- for 

without it the cells lo?e their turgidit}'^, and they 

flag. 

(4) Water is the medium by which various substances 

are distributed throughout the plant. 

(5) Water forms a large portion of most plants — from 

10 per cent, in seeds to 95 in very succulent plants. 

AIE MGESSARY FOE PLAIT HEE.-In onl.v a very 
few cases can plants live in the absence of atmospheric 
air. For green plants, it is an absolute necessity, ftT 
they obtain from it carbon dioxide and ox}'gcn. 

Carbon Dioxide . — The carbon dioxide in the externrd air 
does not exceed as a rule 0*04 per cent,, but this is suffi- 
cient ; for as fast as the green plant absorbs it, the 
movement of the air brings fresh supplies in cunlaci with 1 
the leaves. It is necessary for the formation of sugar, 
and as it touches the surface of the leaf, it uniles with 
water in the sap and forms carbonic acid. The onl}' way 
in which organised carbon compounds can be made by 
green plants is from carbon dioxide in the air. 

Oxgyen . — Some of the oxygen in the air enters into 
plants, and it unites with some of the carbon compounds 
to form carbon dioxide. The respiration of plants pro- 
duces energy and heat. Oxidation, as the union of oxygen 
with another element is called, is necessary for the aciive 
life of all plants. 
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Plants take m and give out Carbo 7 i Dioxide atid Oxygen . — 
Green plants absorb carbon dioxide from the air, and 
split it up into carbon and oxygen, they keep the fctrmer 
element, but return the latter to the atmosphere. They 
also absorb free oxygen, th^ unites with carbon to form 
carbon dioxide, which is returned to the air. The taking 
in and splitting up of carbon dipxide depends upon the 
rays oj the sun, and only goes on fluring the time the plant 
is exposed to light, but respiration is always going on. 

CHIOEOPHYLL HECESSAEY EOR PLANT ^ LIEE.— 
The importance of chloroph)^! both to plants and animals 
cannot be overstated. In it commences those processes 
which lead to the formation of sugar and starch. Neither 
animals nor plants can live without the performance of 
the carbon assimilatory functions of chlorophyll. The 
starch, etc., in the bread we eat at breakfast comes 
through the chlorophyll, and without it, sooner or later, 
the whole of what we call life would cease to exist. 

Saga ?'. — Of all the soluble substances which plants pro- 
duce, none is of more importance than sugar. It is the 
starting-point of all the great processes in plants, and is 
probably the first substance that green plants form front 
water and carbon dioxide. In the germination of seeds, 
the starch, cellulose, or fats which they contain is changed 
into sugar, so that it can pass through the cell-walls to 
where growth is taking place. 

Starch . — One of the common reserve materials which is 
stored up in seeds, stems, and roots is starch. Under the 
influence of light, green leaves form sugar, and this is 
removed to some other part of the plant where it is 
changed into starch. Whenever the growth of the plant, 
or the development of seeds require material, a ferment 
which exists in all plants converts it into sugar, and in 
this form it is removed to supply the demand (p. 82). 

II 
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PLANTS BUILD UP COMPLEX SUBSTANCES PROM 
SIMPLE MATERIALS. — -The food which green .• plants 
obtairi (j^onsists of simple materials ; such as water, carbon 
dioxide, carbonates, sulphates, phosphates, nitrates, etc. 
From these the living activify of plants form complex 
substances : such as sugar, cellulose, fat, proteins, and 
protoplasm. The energy used by the plants in producing 
the change from simple rAaterials into complex substances 
can be obtained from the sun,^nd by oxidation. 

ANIMALS REVERSE THE PROOESS.—Animals feed 
on proteins, starch, sugar, fats, water, and minerals. 
They obtain from these compounds energy and heat, and 
return so much carbon dioxide, water, and minerals to 
the air and soil. Thus animals use the compounds formed 
by plants, and convert them into materials fit for the food 
of plants. 

PLANTS AID THE NUTRITION OE ANIMALS.— I t^is 
quite evident from the description given above, that plants 
aid the nutrition of animals, and that without them animals 
could not exist. Nearly all the food used (except water 
and a few minerals) by animals is prepared by plants, and 
from these the energy displayed by animals is obtained. 
The oxygen which plants give out can be used by animals 
for respiration. 

ANIMALS AID THE NUTRITION OP PLANTS.— It is 

just as clear, that plants are deeply indebted to animals 
for their food. The food of plants, with very few excep- 
tions, is prepared by animals. For they give out the very 
compounds which are necessary for the nutrition of plants. 

THE PUNCH. — ^The plants which do not contain chloro- 
phyll have some of their foods in the form of complex 
carbon compounds. They obtain much of the food they 
require from decomposing organic matters, or from host 
plants. Such plants are an exception to the general rule. 



A GENERAL REVIEW OF PLANT Lipfe 163 

REPROBIJCTIOH'. — Of all the functions performed by 
plants^ that of reproduction is one of the most interesting, 
and at the same time most difficult to understands The 
table given below is a summary of the methods* adopted 
by plants to reproduce thtir kind. 

(1) Flowering plants reproduce by means of seeds, and 
vegetative organs. The seeds can be easily distributed 
(p. 26), and lessens the competition between plants be- 
longing to the same species. Vegetative reproduction is 
a more direct method, for a portion of the body of the 
plant is separated from the parent, and this develops 
directly into a form like the parent. 

(2) Non-flowering plants reproduce their kind by means 
of sexual and asexual spores, and they may also possess a 
vegetative method of reproduction. The sexual spore is 
formed by the union of two masses of protoplasm ; but 
the asexual by the division of one mass of protoplasm. 

(3) In both ferns and mosses, a well-defined alternation 
of generation can be distinguished (p. 146), but while 
flowering plants go through the same stages, they are 
not so easy to understand. 
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The following' questions are intended for revision, and 
to test the knowledge of the student. One of the best 
methods a student can a^dopt is to writG the answers to 
several questions each week, and in this way to crjvstal- 
lise the knowledge gained. 

CHAPTER I 

1. What is “ Nature Study,” and what are its aims ? 

2. Of what value is “Nature Study,” and what objects can be 
used for such study? 

3 What methods would you suggest as likely to interest people 
in an out-door life, and to help them to understand nature ? 

CHAPTER II 

4. Describe the structure of some common flower, and i!luslrry.e 
your answer by sketches. 

5. All parts of flowers are said to be made up of modified leaves. 
Explain this. 

6. How are the internal organs of a flower protected from rain 
and dew ? 

. 7. Of what parts is a pistil composed, and what does the ovary 
generally contain ? 

8. Make a sketch of the flower of the Sweet Pea, and describe 
how it differs in structure from the Buttercup. 

9. What is a flower? Of what parts does it consist, and what arc 
the structures and uses of the several parts ? 

CHAPTER III 

10. What do you understand to be meant by fioictfons ? Illustrate 
your answer by examples. 

ir. What experiments would you perform to ascertain the func- 
tions of a stamen and a pistil ? 

12. Make a sketch of some common pistil, and enumerate the 
functions performed by the ovaiy, style, and stigma. 

13. What is pollen, and how does it find Its way on to the 
stigma ? 

14. Define pollination and fertilisation. Plow does pollination 
differ from fertilisation? 
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CHAPTER IV 

15. Define the term or^^aiiy and give examples, 

16. •What is a fruit, and how do they liberate their seeds? 

17. Shortly describe the fruit of the Orange, Is this atsuperior 
or an inferior fruit? How can you answer the questi«n without 
having' seen the flower? 

18. Give a short account ofiliow seeds are scattered. 

iq. Illustrate b}' sketches the structure of the seeds of the Pea 
and the Coffee Berry. 

20. V^hat functi^)ns arc performed by fruits and seeds ? 

CHAPTER V 

21. Wliat conditions are necessary for the successful germination 
of seeds? 

22. Explain how light, heat, and air act during the germination of 
seeds, 

23. W’h}'’ does the primary root of a Bean bend downwards when 
the seed germinates, and the stem grow upwards? 

24. Whiat is soil, and in what condition do plants obtain their food 
from it ? 

25. Give a sketch of one named seedling. 

26. Draw young seedlings of Maize and Sycamore. How do the 
roots of the above seedlings differ from one another ? 

CHAPTER VI 

27. Give a description of the structure of the terminal bud of 
the Horse Chestnut, and state how it differs from the bud of the 
Sycamore. 

28. What is meant hy a hit ? Give examples. 

29. W’'hat are dormant buds, and of what service are they to 
the plant ? 

30. Plow is the growing-point of the root protected from inju 
and how docs it differ from that of the stem? 

31. \Vhat differences are to be marked between the leaves of an 
expanding bud of Horse Chestnut, the same leaves when half-grown, 
and the fully formed leaves? 

CHAPTER Vn 

32. State how you can distinguish a herbaceous stem from (i) a 
woody stem, and {2) a shrubby stem? 

33. Plow does a corni differ from a bulb, and a rhizome from 
a tuber? 

34. In a cross-section of a woody stem numerous rings can be 
seen. Explain as far as you can what they represent, and how they 
have been produced. 

35. Plow do plants climb, and of what service is the climbing 
habit. ? 

36. What is meant by knots in timber, and how have they been 
formed ? 
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CHAPTER VIII 

37. What are root-hairs, and what are tlieir uses ? 

38. What is the structure of a root of a plant ? How doo>r a root 
differ frcm a stem ? What goes on in a root when a plant is living and 
growing, ^nd how is the structure of the root adapted for the purpose ? 

39. What important functions do roots perform ? 

40. How does a primary root diffCr from secondary and tertiary 
roots? 

CHAPTER IX 

41. Explain how foliage leaves grow on stems, and why the 
arrangements you describe are'of advantage to the plant. 

42. What parts are present in a typical foliage leaf ? 

43. How do compound leaves differ from simple ones ? Illustrate 
your answer by sketches. 

44. In a skeleton leaf the soft parts have disappeared, and only 
the veins remain. How can you prove that the veins of a leaf arc 
connected with those of the stem ? 

45. 'l^at are stomata, and where are they found? How can you 
make a preparation to show their structure ? 

CHAPTER X 

46. What is chlorophyll, and in what parts of plants can it be 
found? How would you prepare a solution of chlorophyll ? 

47. What important function does chlorophyll perform ? 

48. How would you proceed to prepare a starch print ? 

49. How does starch differ from grape sugar ? What conditions 
are necessary for the formation of starch ? 

50. In what parts of plants would you look for starch, and how 
can you demonstrate its presence? 

CHAPTER XI 

'51. Give a classification of plants based on the methods they 
adopt in obtaining food. 

52, What is soil? Give a description of the formation of a soil ? 

53. Explain the work done by lime in a soil. 

34. How would you proceed to ascertain the elements which a 
green plant must have for perfect growth ? 

CHAPTER XII 

5$. How do water plants differ from land plants in structure and 
mode of obtaining food ? 

56. What are parasites, and how do they differ from sarpophytes ? 

57. What is a fungus? How does the nutrition of a fungus differ 
from that of a green plant? 

38. Explain how the Dodder differs from the Mistletoe. 

59. Write a description of the mode of life of the Sundew, Butter- 
wort, and Bladderwort. 

60. Do you know of any plants which live together to form a life- 
partnership? If so, describe them. 
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CHAPTER XIII 

61. What do plants do with their food? 

62. txive an account of the tests you would apply to distinsfuish 
starch, grape sugar, cellulose, and fats. 

63. Classify the substances found in plants. 

64. What is protoplasm ? \S/here is it generally found, and what 
are its properties ? 

65. What are tissues, and what functions may they perform in 
plants ? 

CHAPTER XIV 

66^ Explain what you understand Sy respiration. 

67. What changes do green plants produce in the composition of 
the atmosphere ? 

68. Heat is produced by respiration. Prove that external tem- 
perature has a marked influence on respiration. 

69. How can you prove that plants give out carbon dioxide and 
take in oxygen ? 

70. Why do most plants need oxygen? From ■what source do 
they obtain it, and what important service does it perform in the 
plant ? 

CH.-IPTER XV 

71. How can you prove that green plants give out aqueous 
vapour ? 

72. By what organs does the aqueous vapour leave the plant, and 
stale how you can prove that your statement is correct ? 

73. How do plants prevent undue transpiration? 

74. What is transpiration ? Why do plants transpire ? 

CHAPTER XVI 

75. Write a short essay on the colour of plants, 

76. What functions do you suppose red, violet, or blue pigment 
may perform in leaves ? 

77. What influence has light on the growth of green plants ? 

7k How are autumn tints produced ? 

CHAPTER XVII 

79. What is a flowering plant? How do flowering plants differ 
from non-flowering plants ? 

80. The Pea plant is said to be annual. Explain this. 

81. What do you understand by the “life history” of a plant? 

82. How is pollination produced in a Pea flower, and what 
changes do various parts of the flower undergo after fertilisation ? 

CHAPTER XVIII 

83. Draw a section through the rhizome of a Fern. Describe the 
structure of the several parts shown in your drawing, and state 
their uses. 
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$54. in wbat respects does a spore of a ‘Fern resemble, and in what 
does it differ from a seed ? 

85. What do you understand by “alternation of i4cneration " ? 

86. Where are the spores of a fern formed, and how are they dis- 
persed? What do they produce on germination ? 

87. How would you procure a large number of healthy h'ern 

prothalli ? ' ^ 

88. Describe the structure of (i) a sorus ; (2) a sporangium; 
(3) a spore. 

89. Flow can Fern .spores be obtained and germinated ? 

90. Explain how a Fern pla^^it differs from anti rcsemijles the Pea 

plant. _ ^ ^ " 

91. Give drawings of antheridiun>, archegonium, and prothallus. 

92. When a spore germinates, what does it produce ? 

CHAPTER XIX 

93. How do cultivated plants generally differ from wild ones? 

94. What is meant by the “ struggle of existence ” and “ natural 
selection ” ? 

95. Explain what is meant by heredity and reversion. 

CHAPTER XX 

96. Why do plants form “ plant societies ” ? Descril>e one typical 
plant society. 

97. Define what is meant by xcrophytesy mesophytesy hyprophyn s., 
and hydrophytes.^ and give examples. 

98. What kinds of’ plants would you expect to find growing on 
(i) Sand-dunes, (2) Moons, (3) Marshes, (4) Ponds ? 

CHAPTER XXI 

99. What do you understand by “The British Flora”? 

100. Define species^ ^enns, and coinmon name as applied to a plant. 

CHAPTER XXII 

lor. Explain what is meant by “division of labour.” 

102. What is the biological importance of water and starch ? 

103. Why is air necessary for plant life ? 

104. Chlorophyll is said to be of importance to both plants and 
animals. Explain this. 

105. Plants are said to build up complex materials from simpk* 
food substances. Try and explain the processes by which a green 
plant can perform this important work. 

106. How do plants aid the nutrition of animals, and animals the 
nutrition of plants? 

107. Explain how fungi resemble animals in their mode of 
nutrition. 

108. How do flowering plants reproduce their kind ? 
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